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HYDROLOGY  OF  THE  STATE  OF  NEW  YORK 


INTRODUCTORY  NOTE 


The  great  importance  of  water  as  an  economic  mineral  is 
becoming  daily  more  and  more  fully  appreciated  by  the  commer- 
cial public,  though  its  recognition  as  a source  of  power  in 
engineering  enterprise  is  a matter  of  great  antiquity.  It  there- 
fore seemed  appropriate  that  the  geologic  work  of  the  New  York 
State  Museum  should  make  some  contribution  to  the  sum  total 
of  public  knowledge  on  this  matter.  Accordingly  my  predecessor 
in  office,  Dr  Frederick  J.  H.  Merrill,  invited  Mr  George  W.  Rafter 
to  write  a general  discussion  of  this  important  subject  in  its  rela- 
tions to  New  York*.  As  a result  the  following  report  is  offered  to 
the  citizens  of  the  State,  with  the  feeling  that  Mr  Rafter’s  wide 
repute  as  a specialist  in  this  branch  will  make  this  publication  a 
communication  of  much  value  to  engineering  and  to  commerce. 

John  M.  Clarke, 

State  Geologist 


Albany,  N.  Y.,  April  15,  1904. 


PREFACE 


This  report  is  a revision  of  Water  Supply  and  Irrigation  Papers 
of  the  United  States  Geological  Survey,  Nos.  24  and  25 — Water 
Resources  of  the  State  of  New  York,  published  in  1899.  In  regard 
to  calling  the  revised  report  the  Hydrology  of  New  York  rather 
than  continuing  the  title  previously  given,  it  may  be  stated  that 
the  information  has  been  considerably  extended  and,  while  it  is 
true  that  it  still  pertains  to  the  water  resources  of  the  State,  it 
seems  to  the  writer  that,  on  the  whole,  hydrology  better  expresses 
the  meaning  than  does  the  former  title. 

Broadly,  hydrology  may  be  defined  as  that  branch  of  physical 
geography  treating  of  water,  and  it  is  in  this  sense  that  the  term 
is  used  herein.  Physical  geography  is  an  exceedingly  elastic 
term,  and  it  is  quite  as  proper  to  treat  of  the  effect  of  restrictive 
laws  upon  the  development  of  the  State  as  to  treat  of  purely 
political  divisions  in  an  ordinary  textbook  on  geography.  Any- 
one writing  upon  geography,  physiography,  hypsography,  geol- 
ogy or  hydrology  knows  that  the  lines  separating  these  several 
divisions  are  not  very  closely  drawn  and  that  one  runs  into  the 
other.  Physiography  treats  in  a general  way  of  the  present  con- 
dition of  the  waters  of  the  earth,  while  geology  treats  in  some 
degree  of  their  former  condition,  or  at  any  rate  of  the  effects 
produced  by  water  in  a former  condition.  It  is  quite  as  appro- 
priate, therefore,  for  the  State  Museum  to  publish  a paper  on  the 
hydrology  of  the  State  as  to  publish  those  relating  more  specially 
to  geology. 

What  may  be  termed  the  geologic  phase  of  the  physiography 
of  New  York  has  been  treated  by  Professor  ^arr,  but  his  work 
is  incomplete  in  this — it  does  not  treat  of  the  fiow  of  streams. 
This  report  is  intended  to,  in  some  slight  degree,  supplement 
Professor  Tarr’s  work.  Moreover,  hypsography  is  not  extensively 
treated,  nor  is  hydrography.  Tides  and  their  effects,  etc.  are, 
aside  from  a short  reference  to  Hudson  river,  entirely  omitted. 
Only  enough  geology  is  given  to  illustrate  the  subject. 
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The  data  herein  embodied  have  been  gathered  front  many 
sources — the  reports  of  the  State  Engineer  and  Surveyor,  the 
Superintendent  of  Public  Works,  the  Forest  Commission,  the  State 
Board  of  Health,  the  State  Weather  Service,  and  other  public  docu- 
ments. The  data  in  the  reports  on  the  water  power  of  the  United 
States,  Tenth  Census,  have  been  used  in  some  cases  where  later 
data  are  not  available.  During  the  years  1896  and  1897,  the 
writer,  in  addition  to  his  regular  duties  in  the  State  Engineer’s 
Department,  gathered  a large  amount  of  information  bearing  on 
the  hydrology  of  the  State  and  not  published  in  the  reports  of  the 
State  Engineer.  Much  of  this  was  in  the  way  of  piecing  out 
earlier  information  and  bringing  the  subject  up  to  date. 

Some  of  the  figures  as  to  the  catchment  areas  have  been  obtained 
by  checking  those  given  in  the  reports  on  the  water  power  of  the 
United  States,  Tenth  Census,  so  far  as  they  are  available,  and 
by  planimeter  measurement  on  the  topographic  quadrangles  of 
the  State  made  by  the  United  States  Geological  Survey.  Bien’s 
atlas  of  the  State  of  New  York  has  also  been  used  as  a check,  and 
a' number  of  areas  have  been  taken  from  the  report  of  the  Deep 
Waterways  Commission,  while  a large  number  of  catchment  areas 
have  been  taken  from  the  report  of  the  United  States  Board  of 
Engineers  on  Deej)  Waterways. 

After  completing  the  original  report  to  the  United  States  Geo- 
logical Survey,  the  Avriter  continued  the  collection  of  data,  and 
specially  in  1898  and  1899,  Avhen  he  undertook  for  the  Board  of 
Engineers  on  Deep  Waterways  the  investigation  of  a water  supply 
for  enlarged  canals  through  the  State  of  New  York.  The  report 
to  this  Board  includes  a detailed  study  of  the  hydrology  of  cen- 
tral New  York,  covering  three  hundred  and  eighty  octavo  pages. 
This  report  was  published  as  an  executive  document  of  Congress, 
but  only  a few  hundred  co})ies  were  issued.  It  results,  then,  that 
most  people  have  not  seen  this  report,  and  accordingly  consider- 
able use  has  been  made  of  the  matter  contained  therein.  The 
report  is,  however,  in  most  of  the  leading  libraries  and  may  be 
consulted  by  any  one  interested. 


6 


NEW  YORK  STATE  MUSEUM 


In  1899  the  writer  was  consulting  engineer  to  the  Canal  Oom- 
niittee,  and  added  very  greatly  to  his  knowledge  of  the  hydrology 
of  the  State. 

In  1902  he  was  a member  of  the  Water  Storage  Commission  of 
Xew  York  and  extensively  considered  a number  of  storage  and 
power  projects  in  the  State. 

Since  1900  he  has  been  in  general  practice  as  consulting 
engineer,  and  during  this  time  has  been  employed  on  power 
projects  in  this  and  other  States,  until  at  the  present  time  there 
is  hardly  a phase  of  power  development  or  water  storage  that  has 
not  at  some  time  been  before  him  for  consideration. 

During  all  this  time  he  has  been  gathering  information  in 
regard  to  water  power  and  allied  subjects  in  New  York.  There  is, 
liowever,  still  much  to  be  learned,  as,  aside  from  the  studies  of 
the  writer,  very  little  has  been  done  in  the  State,  outside  of  the 
City  of  New  York. 

The  elevations  of  points  above  tidewater  have  been  compiled 
from  all  available  sources  of  information,  such  as  the  Dictionary 
of  Altitudes  in  the  United  States,  Bulletin  No.  76  of  the  United 
States  Geological  Survey ; the  reports  of  the  New  York  State  Sur- 
vey and  railway  and  canal  profiles;  the  topographic  quadrangles 
of  the  United  States  Geological  Survey  and  the  reports  on  the 
water  power  of  the  United  States,  Tenth  Census,  as  well  as  the 
report  of  the  Board  of  Engineers  on  Deep  Waterways.  Mr  Free- 
man’s report  on  the  New  York  water  su})])ly,  together  with  the 
report  of  the  Merchants’  Association,  has  been  drawn  upon  in 
discussing  the  water  supply  of  New  York  city. 

It  may  be  easily  inferred  that  this  report  is  not  ver^^  even; 
that  is,  the  information  is  more  completel}^  developed  on  some 
streams  and  on  some  subjects  than  on  others.  On  the  Genesee, 
Os\\^ego,  Salmon,  Black  and  Hudson  rivers  and  their  tributaries, 
and  on  the  Niagara  river,  the  information  is  tolerably  complete. 
It  is  also  fairly  complete  on  some  of  the  smaller  streams,  al- 
though on  the  majority  there  is  still  a large  amount  of  work  to  be 
done,  but  on  the  streams  of  the  southern  section — Allegheny,  Sus- 
quehanna and  Delaware  rivers,  with  their  tributaries — very  little 
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information  has  been  gathered.  These  are  still,  so  far  as  definite 
information  is  concerned,  practically  unknown,  although  a slight 
beginning  has  been  made  by  the  United  States  Geological  Survey. 
The  information  given  herein  is  therefore,  such  as  is  available, 
either  from  personal  knowledge  or  the  work  of  others. 

The  information  as  to  the  hydrology  of  New  York  has  grown 
so  rapidly  in  the  last  few  years  that  considerable  condensation 
was  necessary  in  order  to  keep  within  the  limits  of  even  as  great 
an  extension  of  the  original  papers  as  is  herewith  included.  The 
omission  of  some  matters  which  may  seem  to  the  reader  important 
is  therefore  no  certain  index  that  they  have  been  overlooked,  but 
merely  indicates  that  they  have  not  seemed  to  the  writer  import- 
ant enough  to  mention.  The  report  has  been  very  largely  rewrit- 
ten and  extended  from  an  original  length  of  200  pages  to  900  pages. 
The  meteorological  tables,  as  well  as  the  tables  of  stream  flow, 
have  never  before  appeared  in  their  present  form.  All  these 
tables  have  been  specially  computed  and  rearranged  for  this 
report.  The  data  of  rainfall,  temperature  and  stream  flow  have 
been  arranged  with  reference  to  a water  year  beginning  with 
December  and  ending  with  November.  Cubic  feet  per  second, 
inches  on  the  catchment  area  and  cubic  feet  per  second  per  square 
mile  are,  except  in  some  of  the  longer  records,  given  in  columns 
side  by  side,  thus  showing  at  a glance  the  comparative  results 
and  very  greatly  extending  the  value  of  the  tables.  The  writer’s 
thanks  are  due  to  his  daughter,  Myra  Willson  K/after,  for  com- 
puting these  tables. 

The  criticism  has  been  made  that  the  writer’s  views  on  some 
of  the  questions  herein  discussed  are  not  the  same  now  as  for- 
merly. On  this  point  it  may  be  stated  that  his  work  on  the 
hydrology  of  New  York  has,  aside  from  several  formal  reports, 
as  on  Genesee  river,  Hudson  river,  report  to  the  Board  of  Engineers 
on  Deep  Waterways,  etc.  been  largely  a matter  of  opportunity,  and 
such  writing,  while  extensive  enough,  is  scattered  through  a large 
number  of  miscellaneous  papers.  Nevertheless  the  writer  has 
casually  discussed  in  these  papers  a number  of  the  most  important 
questions  confronting  the  people  of  New  York.  With  more  study 
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some  of  Ms  views  have  been  slightly  modified.  The  present  re- 
port, therefore,  wherever  it  differs  from  preceding  papers  or 
reports,  must  be  taken  to  represent  his  latest  views. 

In  order  to  make  this  treatise  as  complete  as  possible,  the 
Report  on  the  Relation  of  Rainfall  to  Runoff,  published  in  1903 
by  the  United  States  Geological  Survey,  is  herewith  included,  so 
far  as  applying  to  the  State  of  New  York.  Extended  excerpts 
on  floods  have  been  made  from  the  report  of  the  Water  Storage 
Commission. 

The  discerning  reader  will  observe  an  occasional  repetition.  A 
few  such  have  been  made,  either  to  save  too  frequent  reference 
to  a preceding  page,  or  where  a different  phase  of  a subject  has 
been  discussed.  Where  the  subjects  are  similar,  references  thereto 
have  been  frequently  made  by  a foot-note.  The  object  of  the 
repetition  is  to  reduce  the  labor  of  reading  to  a minimum. 

The  writer  is  indebted  to  the  Niagara  Falls  Hydraulic  Power 
& Manufacturing  Company,  the  Niagara  Falls  Power  Company, 
the  St  Lawrence  Power  Company,  the  Hudson  River  Power  Trans- 
mission Company,  the  Hudson  River  Water  Power  Company,  the 
Empire  State  Power  Company,  the  Utica  Gas  & Electric  Com- 
pany, the  Hannawa  Falls  Power  Company  and  the  International 
Paper  Company  for  photographic  illustrations  for  this  report. 

The  writer  wishes  to  specially  acknowledge  his  indebtedness  to 
the  Report  on  Stream  Flow  and  Water  Power,  made  since  1900  by 
the  State  Engineer  and  Surveyor,  acting  in  conjunction  with  the 
Hydrographic  Division  of  the  United  States  Geological  Survey. 
These  reports  have  been  compiled  by  Mr  Robert  E.  Horton. 

Rochester,  April  1,  1904. 


George  W.  Rafter. 
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THE  SOURCE  OF  THE  GREATNESS  OF  NEW  YORK 

Introductcynj  statements.  It  is  pToposed  to  give  in  this  report 
some  general  statements  in  regard  to  the  water  resources  of 
the  State  of  New  York,  to  be  followed  by  a discussion  in  detail 
of  the  chief  contributing  causes  which  have  made  New  York  State 
great.  As  we  proceed,  we  shall  see  not  only  in  what  manner  the 
resources  of  the  State  have  been  developed,  but  also  how  restric- 
tive legislation  has  prevented  any  such  full  development  as  has 
occurred  in  neighboring  states  where  such  restrictive  legislation 
has  never  been  enacted.  A com])rehensive  commercial  policy  will 
be  outlined,  which,  if  followed,  will  lead  to  a relatively  far  greater 
development  than  has  occurred  in  the  past. 

The  preeminent  position  of  New  York  is  due  almost  entirely  to 
her  great  natural  water  resources.  Reaching  from  the  ocean  on 
the  east  to  the  Great  Lakes  on  the  west,  she  has  gathered  to  her- 
self the  treasures  of  the  foreign  world  as  Avell  as  those  of  half  the 
western  continent.  Her  inland  rivers,  with  their  great  water 
powers,  have  been  in  the  past  and  Avill  continue  to  be  in  the 
future  a perpetual  source  of  wealth.  Taking  into  account  the 
commercial  supremacy  guaranteed  by  the  Erie  canal,  it  may  be 
said  that  the  history  of  the  State’s  progress  during  the  nineteenth 
century  was  largely  a history  of  the  development  of  her  water 
resources.  It  is  the  purpose  of  the  writer  in  this  report  to  relate 
briefly  not  only  in  what  manner  these  resources  have  been  em- 
ployed, but  to  indicate  the  recent  lines  of  development  and  the 
probable  future  of  the  State  if  her  water  is  utilized  to  the  fullest 
degree.  It  is  proposed  to  describe  in  a general  way  the  river 
systems,  giving  brief  descriptions  of  several  of  the  more  important 
utilizations  of  water  in  New  Y^ork,  together  with  a discussion  of 
some  of  the  economic  problems  confronting  the  people  of  the  State. 
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As  regards  the  water  power  of  New  York,  the  Tenth  Census  of 
the  United  States  (1880),  Yols.  XVI  and  XVII,  gives  in  detail 
the  statistics  of  the  main  water  powers  as  they  existed  in  1882. 
Many  of  these  show  considerable  increase  at  the  present  time, 
although  the  extensions  are  for  the  most  part  similar  to  those 
described  in  the  census  report,  and  hence  present  few  additional 
features  of  interest.  Several  of  the  recent  plants,  however,  are 
on  quite  different  lines  both  as  to  their  scope  and  as  to  the  method 
of  development  adopted.  It  has  therefore  seemed  more  important 
to  describe  a number  of  the  new  plants,  illustrating  them  by 
photographs,  and  to  give  the  main  facts  of  the  great  storage  proj- 
ects of  the  Black,  Genesee,  Hudson,  Salmon,  Schroon,  Wallkill 
and  other  rivers,  than  to  spend  time  on  small  and  relatively  unim- 
portant powers  which  are  already  sufficiently  described. 

The  peculiar  relation  of  the  State  to  water  power  development 
on  the  main  rivers  of  New  York  is  an  interesting  subject  for  dis- 
cussion. Owino^  to  the  circumstances  of  the  earlv  settlement  and 
the  development  of  the  canal  system,  the  State  has  assumed  owner- 
ship of  the  inland  waters,  or,  at  any  rate,  of  all  streams  used  as 
feeders  to  the  canals.  This  assumption  has  worked  injustice  to 
riparian  owners,  and  is  at  present  a bar  in  the  way  .of  the  full 
development  of  important  streams  by  private  enterprise. 

Moreover,  New  Y^ork  is  preeminent  in  position  by  virtue  of  the 
fact  that  she  is  the  only  State  resting  on  the  ocean  and  at  the 
same  time  grounded  on  the  Great  Lakes.  The  Hudson  river  is 
a navigable  estuary  for  one  hundred  and  fifty  miles  inland,  and 
tbe  depression  of  the  Mohawk  valley,  together  with  the  valley  of 
Oswego  river,  extends,  with  slight  elevation,  from  the  northern 
end  of  this  estuary  west  to  Lake  Ontario.  It  was  inevitable, 
therefore,  that  from  time  immemorial  the  Mohawk  valley  should 
be  the  highway,  along  which  passed  the  commerce  between  the 
east  and  the  west.  If  the  proposed  deep  waterway  connecting 
the  Great  Lakes  with  the  ocean  is  ever  constructed,  nature  has 
from  the  beginning  predestined  by  two  possible  routes,  both  of 
which  pass  through  the  State  of  New  York — one  by  way  of  Oswego- 
Mohawk  valleys  to  tidewater  and  the  other  by  way  of  St  Lawrence- 
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Champlain-Hudson  valleys  to  tidewater.  The  former  of  these 
routes — ^that  through  the  Mohawk  valley — was  the  pathway  from 
the  east  to  the  west  when  the  white  man  first  came.  Here  the 
Iroquois  warriors  journeyed  back  and  forth,  and  here,  Where  the 
Dutch  patroons  built  with  the  fur  trade  the  early  beginnings  of 
what  is  now  a vast  interstate  commerce,  is  the  great  highway  of 
today.  At  Rome,  the  highest  point  on  the  divide  between  the 
Mohawk  river  and  the  Great  Lakes  drainage,  the  surface  of  the 
ground  is  only  430  feet  above  tidewater.  This  is  the  lowest  pass 
from  the  Adirondacks  to  Alabama;  all  other  lines  of  communica- 
tion rise  to  much  higher  altitudes  than  this.  Hence,  it  was  inevi- 
table that  New  York  State,  by  virtue  of  position  aloue,  should 
become  a great  manufacturing  State. 

Let  us  see  why  the  great  waterpowers,  indispensable  to  the 
development  of  manufacturing,  happen  to  be  located  on  the  direct 
line  of  greatest  commercial  activity.  The  explanation  is  partly 
geologic  and  partly  topographic,  or,  if  we  consider  topography 
as  an  outcome  of  geology,  then  the  explanation  is  all  geologic. 

Favorable  natural  conditions.  New  York  State  is  great  in 
water  resources,  not  only  by  virtue  of  her  position  between  the 
Atlantic  ocean  and  the  Great  Lakes,  but  because  topographic, 
geologic  and  climatic  conditions  have  combined  to  make  her  the 
highway  of  commerce  as  well  as  the  manufacturing  center  of  tlie 
United  States.  Some  of  the  contributing  causes  to  this  position 
may  be  found  in  her  mountain  systems,  affording  great  water 
centers,  from  which  large  streams  descend  to  the  neighboring  low- 
lands, affording  large  opportunities  for  the  economic  development 
of  waterpower,  as  well  as  insuring  an  ade(piate  supply  of  potable 
water  to  her  towns  and  mamicipalities. 

As  regards  waterpower,  the  other  chief  contributing  causes  are 
the  possession,  as  part  of  her  domain,  of  the  Niagara  and  St  Law- 
rence rivers,  with  their  extensive  waterpower  development. 

A study  of  the  climatolog;v^  of  New  York  shows  that  in  nearly 
every  portion  of  the  State  the  amount  and  distribution  of  the  rain- 
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fall  are  such  as  to  insure  a large  enough  runoff  of  streams  to 
furnish,  even  under  natural  conditions,  considerable  waterpower. 

Artificial  modifications.  Natural  conditions  have  been  largely 
interfered  with  by  the  cutting  off  of  forests  and  the  consequent 
extensive  development  of  the  agricultural  interests  of  the  State. 
Under  conditions  now  existing,  the  water  yield  of  streams  is  very 
different  from  what  it  was  originally.  As  a tentative  proposi- 
tion, it  may  be  assumed  that  the  general  cutting  off  of  forests  in . 
New  York  has  decreased  the  annual  runoff  of  streams  issuing 
from  the  deforested  areas  to  a depth  of  from  four  to  six  inches 
per  annum. 

The  proof  of  this  proposition  is  found  in  considering  that  in 
a number  of  places  the  runoff  of  streams  is  gradually  decreasing, 
not  only  because  of  the  decrease  in  forest  area,  due  to  clearing  up 
of  lands  for  agricultural  purposes,  but  is  even  changing  because 
of  the  varying  character  of  the  crops  raised  from  year  to  year. 
The  fact  that  such  changes  are  taking  place  has  been  very  strongly 
impressed  upon  the  writer  in  a number  of  litigations  in  which 
he  has  been  at  different  times  employed  where  the  question  of 
damages  for  diverting  water  from  streams,  either  for  municipal 
or  manufacturing  purposes,  was  the  leading  issue.  Invariably  in 
such  cases  a large  number  of  old  residents  have  been  sworn  as 
witnesses  for  the  plaintiff  and  have  testified  that  formerly,  say, 
thirty,  forty  or  fifty  years  ago,  as  the  case  may  be,  the  stream 
in  question  had  a sufficient  summer  flow  to  operate  a mill  of  a 
given  capacity.  In  western  New  York,  where  several  of  these  cases 
have  occurred,  there  are  mills  from  sixty  to  seventy  years  old,  in 
which,  up  to  the  time  of  changing  from  the  old-fashioned  grind- 
ing process  to  the  roller  process,  the  machinery  was  substantially 
as  it  was  made  at  the  original  erection. 

Why  waterpowers  are  less  7^eliahlc  now  than  formerly.  How- 
ever valuable  water  privileges  at  these  mills  may  have  been 
originally,  it  is  nevertheless  certain  that  now  a number  of  them 
are  practically  worthless  during  several  months  of  the  summer 
and  fall  of  the  average  year.  In  order  to  present  a valid  reason 
why  the  waterpower  of  streams  in  western  New  York  may  be 
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less  valuable  now  than  forty  or  fifty  years  ago,  there  was  pre- 
pared for  use  in  a certain  litigation  an  extended  discussion  of 
this  question.  The  discussion  in  question  applies  particularly 
to  catchment  areas  in  Wyoming  county,  the  runoff  data  being 
from  gagings  of  Oatka  creek  for  the  years  1890-92. 

Wyoming  county  is  an  elevated  region  of  the  same  general 
character  throughout.  Formerly  it  was  covered  with  heavy 
pine,  hemlock,  oak,  beech,  maple,  ash  and  elm  forests.  At  the 
present  time  the  forest  area  is  exceedingly  small,  and  what  there 
is  left  of  it  is  so  scattered  and  so  open  as  to  exercise  almost  no 
effect  on  stream  flow.  In  order  to  illustrate  the  progressive 
changes  which  may  take  place  in  the  water-yielding  capacity  of 
a given  catchment  area,  the  writer  compiled  from  the  census 
reports  for  each  decennial  period  from  1850  to  1890,  inclusive, 
the  statistics  as  therein  given  for  Wyoming  county,  the  assump- 
tion being  that  whatever  was  true  of  Wyoming  county  must  be 
substantially  true  of  the  Oatka  creek  catchment  area  of  27.5 
square  miles,  situated  in  the  central  part  of  the  county.  The 
census  data  give  the  total  area,  total -improved  area  for  a por- 
tion of  the  period,  tilled  area  and  permanent  meadows,  total 
unimproved  area,  woodland  and  forest  area,  and  the  miscel- 
laneous unimproved  area.  As  illustrating  the  changes  which 
have  taken  place  in  Wyoming  county  since  1850,  the  writer 
merely  cites  from  the  tabulations  that,  with  a total  area  of 
387,840  acres,  the  total  improved  area  was  223,533  acres  in 
1850,  and  356,880  acres  in  1890.  The  total  unimproved  area  was 
164,307  acres  in  1850  and  only  30,960  acres  in  1890,  of  which 
26,960  was  woodland  a*nd  forest  and  4000  miscellaneous  unim- 
proved area. 

Again,  the  tables  show  that  in  1850  there  were  50,035  acres 
in  clover  seed  and  grass  seed,  wheat,  rye,  corn,  oats,  peas,  beans, 
potatoes,  barley  and  buckwheat,  while  in  1890  the  same  crops 
showed  71,915  acres.  In  1850  the  area  in  oats  amounted  to 
18,132  acres,  while  in  1890  it  amounted  to  29,083  acres.  Barley 
in  1850  covered  2409  acres,  and  in  1890, 14,164  acres.  Again,  the 
area  in  hay  amounted  in  1850  to  62,563  acres,  and  in  1890  to 
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80,446  acres.  Tlie  total  tons  of  hay  in  1850  were  75,076;  in  1890, 
105,134  tons.  Probably  the  statistics  as  pertinent  as  any  to  the 
case  in  hand  are  those  relating  to  changes  in  live  stock.  For 
instance,  in  1850  the  total  number  of  milch  cows  was  10,022, 
while  in  1890  the  total  number  wa&  22,919.  The  total  number 
of  horses,  mules,  milch  cows,  oxen  and  other  cattle  in  1850  was 
40,812,  while  the  total  number  of  all  these  classes  of  stock  in 
1890  was  44,810.  Considering  the  total  of  hoof  cattle,  we  might 
say  that  the  increase  had  not  been  so  great,  but  when  we  con- 
sider the  total  of  improved  area  in  comparison  with  the  unim- 
proved area  in  1850,  and  also  in  comparison  with  the  amount  of 
stock  then  and  in  1890,  we  see  at  once  that  in  1850  the  principal 
pasture  area  of  the  country  must  have  been  in  forest,  whereas 
the  pasture  in  1890  must  have  been,  as  in  fact  is  well  known  was 
the  case,  largely  in  permanent  meadows.  Referring  to  Risler’s 
results  a S'  to  the  amount  of  water  required  for  crops,  we  learn 
at  once  the  great  increase  in  water  demand  for  supporting 
crops  from  1850  to  1890. 

In  a paper,  Recherches  sur  VEvaporation  du  Sol  et  des  Plantes, 
Risler  has  given  the  results  of  experiments  at  his  estate  in 
Switzerland,  carried  out  specially  with  reference  to  ascertaining 
the  mean  daily  consumption  of  water  by  growing  agricultural 
plants,  as  well  as  by  vine^^ards  and  two  kinds  of  forests. 

The  following  matter  relating  to  Risler’s  experiments  is  con- 
densed from  Ronna’s  Les  Irrigations: 

By  way  of  confirming  the  results  of  investigations  as  to  the 
water  consumed  b}^  growing  plants,  etc.  carried  out  at  the  Agri- 
cultural Experiment  Station  of  Rothamsted,  England,  Risler  has 
shown  the  different  methods  employed  by  him  in  1867  and  1868. 
By  a continuation  of  these  experiments  in  1869-72,  he  has  shown 
the  mean  daily  consumption  of  water  by  lucerne,  wheat,  oats, 
clover,  meadow  grass,  etc.  One  of  his  interesting  conclusions  is 
that  winter  wheat  would  have  consumed  daily  from  April  to 
July,  1869,  0.10  inch  of  water  per  day  for  101  days,  or  over  10 
inches  for  the  growing  season.  The  experiments  on  water  con- 
tent of  soil  show  that  for  the  year  1869  the  crops  must  have 
taken  a small  amount  of  water  from  the  ground  which,  with  the 
rainfall  was  sufificient  to  produce  a satisfactory  crop  for  the 
meteorological  conditions  prevailing  that  year. 
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For  oats  there  was  needed  in  1870,  according  to  Kisler,  a 
quantity  of  water  250  times  the  weight  of  dry  material  con- 
tained in  the  crop.  In  1871  clover  transxnred  263  units  of 
water  to  x>rodiice  one  unit  of  dry  substance,  and  English  ray- 
grass  545  units  of  water  for  one  unit  of  hay  containing  15  per 
cent  of  water.  For  this  last  the  quantity  of  water  corresponds 
to  0.276  inch  in  depth  per  day. 

Risler  observed,  furthermore,  that  following  rains  or  wet- 
tings transpiration  of  plants  increases,  gradually  diminishing 
in  j>roportion  as  dryness  increases,  other  conditions  remaining 
equal.  When  the  water  given  off  by  the  leaves  is  less  than  that 
taken  up  by  the  roots,  growth  is  active,  while  under  the  contrary 
condition,  plants  wither. 


111  a general  way,  the  consumption  of  water  by  ])lants  is 
more  regular  in  clay  soils  than  in  sandy.  Hellriegel  states  that 
in  a sandy  soil  plants  begin  to  suffer  from  drouth  when  the  soil 
does  not  contain  more  than  2.5  i>er  cent  moisture.  Risler  finds 
that  the  aiDxiroximate  limit  for  clay  soils  is  10  per  cent,  although 
in  clay  soil,  part  of  the  water  escapes  absorption  by  the  roots. 

Taking  as  a basis  the  observations  made  on  the  crops  raised 
at  Caleves,  Risler  expresses  the  mean  daily  consumption  of 
water  as  a depth  on  the  cropped  area  as  follows: 

Inches. 


Meadow  grass  requires  from 
Oats  require  from 
Indian  corn  requires  from 
Clover  requires  from 
Wheat  requires  from 
Rye  requires  from 
Potatoes  require  from 
Vineyards  require  from 
Oak  trees  require  from 
Fir  trees  require  from 


0.134  to  0.267 
0.141  to  0.193 
0.110  to  0.157 
0.140  to 

0.106  too.no 

0.091  to 
0.038  to  0.055 
0.035  to  0.031 
0.038  to  0.035 
0.020  to  0.043 


Risler  determined  the  consumption  of  waiter  on  a meadow  of 
one  hectare  (2.47  acres)  of  very  thickly  turfed  English  ray-grass 
as  281  millimeters  (11.06  inches),  amounting  to  a daily  depth  of 
0.267  inch.  This  consumption  applies  to  a meadow  well  provided 
with  water  during  the  warmest  season  of  the  year.  The  ex- 
periments showed  that  on  cloudy  days  evaporation  was  reduced 
to  about  one  fourth  of  the  mean,  that  is,  to  0.069  inch  per  day. 

In  Switzerland  the  fields  begin  to  grow  green  the  latter  part 
of  March,  and  the  hay  harvest  occurs  in  June;  hence,  the  growth 
of  the  plant  takes  place  in  April  and  May.  The  point  is  brought 
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out  very  forcibly  by  Kisler’s  experiiiieiits,  that  hay  crops  depend 
more  on  the  (piaiitity  of  rain  than  on  teniperatnr(‘;  thus,  in  1867, 
wlnui  tlie  t(‘in])eratnre  of  the  two  months  was  the  lowest  but  the 
rainfall  high,  the  meadows  yielded  abundantly,  while  in  1868, 
with  a high  temperature  and  medium  I'ainfall,  the  crop  was  satis- 
factory because  the  soil  had  water  in  reserve,  the  drains  con- 
tinuing to  How  until  the  end  of  May  that  year. 

Taking  into  account  the  foregoing  data,  the  writer  laepared  a 
table  giving  the  ]ier  cent  that  each  crop  actually  raised  in  1850, 
was  of  the  total  area  in  the  county  assigned  to  forest  area, 
fallow  land,  etc.,  each  in  its  proper  area.  Sijnilar  data  have 
been  prepared  for  each  census  period  to  1890,  inclusive.  From 
such  tabulation  it  was  learned  that  in  1850  the  area  in  wheat, 
rye,  oats,  barley  and  buckwheat  was  10  per  cent  of  the  whole; 
Indian  corn,  - per  cent;  potatoes,  0.7  of  one  jier  cent;  long  grass, 
16  per  cent;  short  grass,  20  per  cent;  fallow  land,  orchards,  i>eas, 
beans  and  miscellaneous,  11  per  cent;  and  forest,  40  per  cent. 
Without  giving  the  details  of  1860,  1870  and  1880,  we  may  pass 
to  1890,  in  which  year  the  following  percentages  were  found; 
tVheat,  rye,  oats,  barley  and  buckwheat,  7.9  per  cent;  Indian 
corn,  0.7  of  1 per  cent;  potatoes,  1.6  per  cent;  long  grass,  20.8 
]>er  cent;  short  grass,  33.5  per  cent;  fallow  land,  orchards,  peas, 
beans,  miscellaneous,  25  j)er  cent;  clover,  1.5  per  cent,  and 
forest,  9 i>er  cent.  It  will  be  noticed  that  the  forest  area  had 
changed  from  40  per  cent  in  1850  to  9 per  cent  in  1890.  Taking 
Risler’s  data  as  a basis,  it  was  then  easily  computed  that  wheat, 
rye,  oats,  barley  and  buckwheat  would  require  9.2  inches  of 
water  on  the  actual  area  cropped  to  fully  supply  their  demands ; 
Indian  corn  would  require  12.2  inciheis ; potatoes,  4.3  inches;  long 
grass,  19.3 inches;  short  grass,  15.4  inches;  fallow  land,  peas, 
beans,  orchards  and  miscellaneous,  12  inches;  clover,  12.9  inches, 
and  forest,  3.6  inches.  Proceeding  on  this  line  it  was  ascer- 
tained that  in  1850,  the  total  depth  of  water  over  the  entire 
area  of  Wyoming  county,  required  to  fully  support  vegetation 
us  it  existed  in  that  year  amounted  to  10.17  inches;  in  1860,  it 
amounted  to  11.15  inches;  in  1870,  to  11.89  inches;  in  1880,  to 
13.24  inches,  and  in  1890,  to  13.57  inches.  Hence,  the  conclusion 
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seemed  to  be  safely  drawn  that  in  1890,  dne  to  changes  in  forest 
area  and  in  quality  of  crops  grown,  the  amount  of  water  re- 
quired in  Wyoming  county  to  support  vegetation  during  the 
growing  season  would  amount  to  3.4  inches  more  than  in  1850. 
Why  a mill  stream  in  Wyoming  county,  which  was  ani])le  for  all 
demands  in  1850,  entirely  failed  in  1890  seemed,  therefore,  fully 
ex])lained. 

In  order  to  determine  whet  Inn*  such  conclusion  was  in  accord 
with  the  rainfall  records  of  western  New  York,  a large  number 
of  such  were  tabulated  in  ])eriods,  with  December  to  May,  in- 
clusive, making  the  storage  period;  dune  to  August,  inclusive, 
the  growing  period,  and  September  to  November,  inclusive,  the 
replenishing  period.  From  a tabulation  of  the  rainfall  records 
kej)t  at  Middlehurv  Academy,  in  Wyoming  county,  for  certain 
years — seventeen  in  all — from  1826  to  1848,  inclusive,  the  mean 
rainfall  for  the  growing  ])eriod  was  determined  at  9.52  inches. 
In  1832  it  was  only  6.76  inches.  The  maximum  at  ^liddleburj^ 
Academy  was  14.36  inches  iii  the  growing  period  of  1828.  Tabu- 
lating more  recent  records  it  was  found  that  at  Arcade,  in 
l\\voming  county,  fi'om  1891  to  1896,  the  mean  of  the  growing 
period  was  13.61  inches,  the  minimum  of  9.62  inches  occurring 
in  1894.  At  I^eroy,  in  the  adjoining  county  of  Genesee,  the 
mean  of  the  growing  period  from  1891  to  1895,  inclusive,  was 
10.31  inches,  the  minimum  being  6.61  inches  in  1894.  At 
Rochester  the  records  show  a mean  of  the  growing  period  for  the 
years  1871  to  1896,  inclusive,  of  8.29  inches,  the  minimum  being 
only  5 inches  in  1887.  It  appeared,  therefore,  that  at  the 
present  time,  with  the  catchment  areas  almost  entirely  de- 
forested, streams  must  necessarily  be  very  low  during  the  sum- 
mer season  of  nearly  every  year.  Practical  observation  in 
western  New  York  amply  confirms  this  theoretical  deduction.^ 

Variation  in  water  yield.  The  runoff  of  Niagara  river  has  been 
commonly  assumed  on  the  authority  of  the  Lake  Survey  at  about 

1 Abstract  from  Stream  Flow  in  Relation  to  Forests,  by  George  W.  Rafter, 
in  An.  Rept.  of  Fisheries,  Game  and  Forest  Commission  for  1806.  The 
portion  relating  to  Risler’s  experiments  is  from  paper  on  the  Data  of 
Stream  Flow  in  Relation  to  Forests. 
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2()5,000  cubic  feet  per  second.  The  recent  studies  indicate  that 
the  extreme  low  flow  of  a cycle  of  minimum  years  may  not  be 
more  than  00  per  cent  to  70  ])or  cent  of  this  figure.  From  this 
point  of  view,  the  people  of  the  State  of  New  York  have  great 
interest  in  any  project  which  would  tend  to  decrease  the  low- 
water  runolf  of  that  stream.  The  figures  obtained  by  the  Deep 
Waterways  Survey,  substantiate  this  statement.  Such  interest  is 
e(|ually  pronounced  in  the  case  of  the  St  Lawrence  river. 

The  measurements  of  discharge  of  a number  of  inland  streams 
of  New  York  indicate  considerable  variation  in  the  water  yield 
in  different  parts  of  the  State.  Genesee  river,  in  1895,  gave,  with 
a rainfall  of  31  inches,  a minimum  flow  for  the  year  of  only  6.67 
inches.  The  catchment  area  of  this  stream  is,  as  already  stated, 
mostly  deforested,  whence  it  results  that  serious  floods  are 
frequent. 

The  lowest  annual  runoff  thus  far  measured  in  the  State  of  New 
York  is  that  of  the  Hemlock  lake  catchment  area,  where,  in  1880, 
the  total  runoff  from  an  area  of  48  square  miles  was  only  about 
3.35  inches. 

Oswego,  Mohawk,  and  Hudson  rivers  and  their  tributaries  in 
this  State  all  have  large  pondage  on  natural  lakes,  which,  with 
other  conditions,  tend  to  maintain  the  low-water  flow.  Croton 
river  presents  surface  geologic  conditions  which  tend  to  increase 
its  low-water  flow.  Without  going  into  detail,  we  may  say  that 
these  streams  will  yield  a minimum  flow  of  about  0.2  of  a cubic 
foot  per  second  per  square  mile.  AT^ariations  from  this  limit  are 
given  in  the  chapters  specially  discussing  minimum  flow. 

As  a typical  flood  stream  of  the  State  we  have  Chemung  river, 
where  serious  floods,  due  to  deforestation  of  a mountainous  catch- 
ment area,  have  become  so  common  as  to  necessitate  the  carrying 
out  of  extensive  protection  works  at  the  large  towns  on  that 
stream. 

Value  of  water  to  industries.  Water  power  is  extensively  sold 
at  Oswego,  Cohoes,  and  Niagara  Falls,  and  to  some  extent  at 
Rochester.  It  will  also  be  extensively  sold  at  Massena  when  the 
development  there  is  completed. 
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The  value  of  the  iuterual  waters  of  the  State  to  some  of  the 
leading  industries,  such  as  the  lumber  industry  and  the  woodpulp 
and  ]»aper  industry,  may  be  noted.  On  the  Hudson  river,  from 
1851  to  1807,  inclusive,  the  total  number  of  logs  taken  to  market 
by  water  transportation  was  211,313,585,  these  market  logs  fur- 
nishing 4,(jG2,T17,()()0  feet  B.  of  lumbtT.  The  cost  of  driving 
logs  from  the  headwaters  of  the  Hudson  to  the  Big  Boom  above 
Glens  Falls  is  said  to  be  from  50*to  75  cents  per  thousand 
feet  B.  M. 

The  wood-pnlj)  and  paper  industry  is  developed  in  New  York 
State  to  a i)oint  beyond  that  reached  in  any  other  State  of  the 
rnion.  On  January  1,  1900,  there  were  191,117  net  water  horse- 
])ower  in  use  in  the  State  in  the  prodmdion  of  mechanical  wood- 
pul]>,  including  from  30,000  to  35,000  consumed  in  operating  paper 
mills. 

One  obstacle  to  the  easy  operation  of  water  power  in  this  State 
is  the  formation  on  many  streams  of  frazil  or  anchor  ice.  A 
study  of  the  formation  of  frazil  and  anchor  ice,  as  made  by  the 
Montreal  H;irbor  Gommissioners,  indicates  that  it  may  l)e  possible 
to  learn  in  the  future  how  to  remedy  this  difficulty. 

The  most  of  these  interesting  questions  are  discussed  in  detail 
in  the  following  ])ages. 

The  relation  of  the  mountains  to  the  river  vaUeys.  Studying 
the  Inpsography  of  New  York  one  can  not  fail  to  be  struck  with 
the  fact  that  there  are  within  the  boundaries  of  this  State  six 
main  elevated  mountainous  or  semimountainous  regions  from 
which  waters  issue  in  all  directions.  In  order  then  to  understand 
the  river  systems  of  the  State  we  need  to  briefly  consider  the 
mountains  as  appearing  in  Chautauqua,  Cattaraugus,  Allegany 
and  Steuben  counties  and  extending  northward  into  Erie, 
Wyoming,  Livingston,  Ontario  and  Yates  counties.  The  Genesee 
river  and  the  lake  system  of  western  New  York  mostly  lie  in 
valleys  between  the  spurs  of  these  mountains.  On  the  State  line 
between  New  York  and  Pennsylvania  the  higher  peaks  of  the 
Alleghenys  rise  to  an  altitude  of  over  2500  feet.  North  of  the 
Allegheny  river  there  is  a well-defined  plateau,  varying  in  elevation 
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from  1500  feet  to  2000  feet,  the  northern  extremity  of  which  lies 
in  the  central  part  of  Wyoming  comity.  To  the  north  of  this 
there  are  three  well-defined  terraces  gradually  stepping  down  to 
the  level  of  Lake  Ontario,  the  first  of  which  varies  from  1000  to 
1500  feet  above  tide;  the  second,  from  500  to  1000  feet,  and  the 
third,  between  about  250  and  500  feet.  Lake  Ontario  lies  at  a 
mean  elevation  of  247  feet  above  tidewater.  It  is  by  these  several 
successive  steps  that  the  northern  spurs  of  the  New  York  plateau 
gradually  run  out  and  merge  themselves  almost  imperceptibly 
into  the  flatlands  about  and  in  the  vicinity  of  Lake  Ontario  and 
the  St  Lawrence  river.  The  course  of  the  streams  of  this  region 
has  thus  been  defined  by  the  topography.  With  the  exception  of 
those  trubutary  to  the  Allegheny  river,  their  course  is  generally 
to  the  north,  to  either  Lake  Erie,  Niagara  river  or  Lake  Ontario. 

Farther  east  Ave  find  a number  of  mountain  or  semimountain 
ranges  Avhich  are  a part  of  the  great  Appalachian  system,  and 
Avhich  extend  across  the  State  in  a general  course  from  southwest 
to  northeast.  The  first  of  this  series  extends  into  New  York  from 
Pennsylvania  and  extends  northeast  through  Broome,  Delaware, 
Otsego,  Schoharie,  Montgomery  and  Herkimer  counties  to  the 
Mohawk  valley.  This  mountain  system  consists  of  broad,  irregu- 
lar hills,  broken  by  deep  ravines,  Avith  many  of  the  slopes  steep 
and  precipitous.  To  the  north  of  that  river  an  elevated  area  of 
crystalline  rocks  forms  the  Adirondack  mountain  range,  which 
extends  to  Lake  Champlain.  To  the  westward  of  this  area  the 
land  is  more  level,  gradually  declining  to  the  northwest  until  it 
finally  terminates  at  the  level  of  Lake  Ontario  and  the  St  Law- 
rence river.  The  streams  of  these  sections  mostly  flow  west  and 
north Avest  to  the  east  end  of  Lake  Ontario  and  to  the  St  Lawrence 
river,  Avhile  a short  distance  from  the  Mohawk  they  flow  south  to 
the  Susquehanna  river.  The  Chenango  river  is  the  typical  stream 
of  the  section,  tributary  to  the  Susquehanna. 

Still  farther  east  and  south  of  the  Susquehanna  valley  a second 
series  of  mountains  enters  Noav  York  from  Pennsylvania  and 
extends  northeast  through  Sullivan,  Ulster  and  Greene  counties, 
terminating  in  the  Catskill  mountains  upon  the  Hudson.  The 
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highest  peaks  are  about  4000  feeit  above  tide.  The  Shawangunk 
mountain,  a high  and  continuous  ridge  whiich  extends  through 
Sullivan  and  Orange  counties  and  the  south  part  of  Ulster,  is  the 
extreme  easterly  range  of  this  series.  The  Helderberg  mountains 
are  foothills  extending  north  from  the  main  range  into  Albany 
and  Schoharie  counties.  The  streams  rising  in  the  Catskill  moun- 
tains flov'  in  all  directions — Schoharie  creek  north  to  the 
Mohawk;  Rondout  creek  easterly  to  the  Hudson,  and  the  head- 
waters of  Delaware  river  southwesterly  to  that  stream. 

The  most  easterly  mountain  range  enters  the  State  from  New 
Jersey,  and  extending  northeast  through  Rockland  and  Orange 
counties  to  the  Hudson,  a])pears  on  the  east  side  of  that  river, 
forming  the  Highlands  of  Putnam  and  Dutchess  counties.  The 
northerly  extension  of  this  range  passes  into  the  Green  mountains 
of  western  Massachusetts  and  Vermont.  The  highest  peaks  of 
this  range  in  New  York  culminate  in  the  Highlands  upon  the 
Hudson  where  there  are  points  from  1000  to  about  1700  feet 
above  tide.  The  Wallkill  river,  the  principal  stream  of  this  divi- 
sion, lies  in  a deep  valley  to  the  west  of  the  main  range  and 
between  it  and  the  Shawangunk  mountain. 

We  have  referred  to  the  main  Adirondack  mountain  range  as 
beginning  near  Little  Falls  on  the  Mohawk  river  and  extending 
northeasterly  to  Lake  Champlain.  There  are  a number  of  other 
well-defined  mountain  ranges  in  the  northeastern  part  of  the  State, 
all  of  which  are  included  under  the  general  term  of  Adirondack 
mountains,  and  which  require  notice  in  detail.  The  Adirondack 
range  proper  crosses  Herkimer,  Hamilton  and  Essex  counties  and 
terminates  near  Port  Kent  on  Lake  Champlain.  It  is  about  100 
miles  in  length  and  may  be  considered  the  backbone  of  the  Adiron- 
dack mountain  group,  its  ridge  line  dividing  the  waters  of  the 
St  Lawrence  from  those  of  the  Hudson  river  and  Lake  Champlain. 
Mount  Marcy,  rising  to  a hight  of  5430  feet,  is  the  principal 
peak  of  this  range,  while  McIntyre,  Haystack  and  Skylight,  each 
over  5000  feet  in  hight,  are  also  in  this  chain. 

Next  to  the  main  Adirondack  range  to  the  eastward  is  the 
Bouquet  range,  beginning  on  the  south  in  the  vicinity  of  East 
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Canada  creek  and  extending  through  the  northwestern  part  of 
Hamilton  county,  and  crossing  the  center  of  Essex  county  to  Lake 
Champlain.  The  highest  peak  is  Mount  Dix,  with  an  altitude  of 
4915  feet  above  sea  level.  Other  i)rominent  mountains  of  the 
Bouquet  range  are  Giant,  Noon  Mark,  Dial,  Nippletop,  McComb, 
Sable  and  Boreas  mountains. 

The  third  range,  known  as  the  Schroon,  begins  at  the  valley  of 
the  ^lohawk,  in  the  eastern  part  of  Fulton  county,  and  crossing 
through  Warren  and  Essex  counties  ends  near  Westport,  on  Lake 
Champlain.  The  Schroon  river  flows  along  the  eastern  base  of 
this  range. 

The  fourth  range  is  the  Kayaderosseras,  which  begins  in  the 
lowlands  north  of  Saratoga  Springs  and  extends  through  Warren 
county  to  Crown  Point.  Mount  Pharaoh,  a high  peak  near 
Schroon  lake,  is  the  only  important  mountain  of  this  range. 

The  fifth  range,  known  as  the  Luzerne  mountains,  begins  in  the 
foothills  near  Saratoga,  crosses  the  Hudson  river  a little  above 
Glens  Falls,  and  running  northeasterly  encircles  Lake  George  on 
the  west,  ending  at  Ticonderoga  on  Lake  Champlain.  The  peaks 
of  this  range  around  Lake  George  are  about  2000  feet  above  tide- 
water. 

According  to  Prof.  Arnold  Guyot,  the  main  mass  of  the  State 
of  New  York  is  a high  triangular  tract  or  tableland,  elevated 
from  1500  to  2000  feet  above  the  ocean,  and  may  be  considered 
the  northeastern  extremity  of  the  western  half  of  the  Appalachian 
plateau  in  this  latitude.  The  natural  limits  to  the  west  and 
north  are  the  depression  now  only  partly  filled  by  the  waters  of 
Lakes  Erie  and  Ontario,  and  which  continues  in  a northeastern 
course  down  the  St  Lawrence  river  to  the  ocean.  The  natural 
limit  at  the  east  is  the  long  and  deep  valley  of  Lake  Champlain 
and  the  Hudson  river.  In  the  south  the  tableland  continues  unin- 
terrupted into  Pennsylvania.  The  eastern  edge  is  formed  by  a 
series  of  mountain  chains,  more  or  less  isolated,  in  which  are  the 
highest  summits  in  the  State.  These  are  the  Highlands,  crossed 
by  the  Hudson,  the  Shawangunk  mountain  and  the  Catskills  on 
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the  western  bank  and  the  Adirondacks  covering  the  territory  be- 
tween the  St  Lawrence  and  Champlain  valleys.  Beyond  this 
eastern  wall  the  true  mountain  chains  cease.  The  surface  of  the 
western  "portion  of  the  Appalachian  plateau  is  deeply  indented 
by  valleys  with  their  bottoms  generally  several  bundled  feet  below 
the  common  level  and  separated  by  high  ridges.  The  deep  trans- 
verse cut  forming  the  valley  of  the  Mohawk  river  and  Oneida  lake 
and  opening  a channel  from  the  low  lake  region  to  the  Hudson 
river,  thus  dividing  the  main  plateau  into  two  distinct  masses,  is 
not  the  least  remarkable  feature.  It  was  the  possession  of  this 
mountain  pass,  with  broad  level  valleys  in  either  direction,  which 
made  New  York  State  the  original  highway  from  the  east  to  the 
west. 

Rivers  and  lakes  of  Adirondack  plateau.  From  the  Adiron- 
dack plateau  streams  flow  to  the  north,  southeast  and  west.  The 
principal  streams  floAving  north,  east  and  west  to  the  St  Law- 
rence system  are  Moose,  Beaver,  OsAvegatchie,  Grasse,  Raquette, 
St  Kegis,  Salmon,  Saranac,  Ausable,  and  Bouquet  rivers.  The 
southern  streams,  Avhich  all  belong  to  the  Hudson  system,  are 
Sacandaga,  Indian,  Cedair,  Ojialescent,  Boreas,  and  Schroon 
rivers,  and  East  Canada  and  West  Canada  creeks.  All  these 
streams  head  in  lakes,  of  which  the  most  important,  tributary  to 
the  St  LaAvrence,  are  Placid,  Saranac,  St  Regis,  Loon,  RainboAV, 
Osgood,  Meacham,  Massawe])ie,  Cranberry,  Tupper,  Smiths, 
Albany,  Red  Horse  Chain,  Beaver,  Brandreth,  Bog  River  Chain, 
Big  Moose,  Fulton  Chain,  Woodhull,  Bisby,  Raquette,  and  Blue 
Mountain. 

♦ Following  are  the  principal  lakes  of  the  Adirondack  plateau 
tributary  to  the  Hudson  system : Pleasant,  Piseco,  Oxbow,  Sacan- 
daga, Elm,  ]Mo rehouse,  Honnedaga,  West  Canada,  Wilmurt,  Sal- 
mon, Spruce,  Cedar,  Lewey,  Indian,  Rock,  Chain,  Catlin,  Rich, 
Harris,  NeAVComb,  Thirteenth,  Henderson,  Sanford,  CoMen, 
Boreas,  Elk,  Paradox,  Brant,  Schroon,  and  Luzerne.  There  are 
a number  of  other  lakes  in  New  York,  as  Chautauqua,  Conesus, 
Hemlock,  Honeoye,  tlie  Finger  Lakes,  Onondaga,  Oneida  and 
others. 
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The  (/real:  forest  as  a stream  conservator.  The  great  forest  of 
northern  New  York  occupies  the  central  part  of  the  Adirondack 
l>]ateau,  and  deserves  nofice  from  its  importance  as  a conservator 
of  the  streams  issuing  from  that  region.  The  outlines  of  the  great 
forest  are  substantially  as  follows:  Its  eastern  boundary  coin- 
cides quite  closely  with  a line  drawn  through  Keene  Valley  and 
thence  along  the  valleys  of  Schroon  river  and  the  upper  Hudson ; 
its  southern  boundary  is  for  the  main  part  identical  with  that  of 
Hamilton  county  and  the  town  of  AVilmurt,  in  Herkimer  county, 
although  in  some  places  the  forest  extends  a short  distance  into 
Fulton  county;  its  western  boundary  is  the  county  line  between 
Lewis  and  Herkimer  counties;  its  northern  boundary  runs  in  an 
irregular  line  from  a point  near  Harrisville,  on  the  Lewis  and  St 
Lawrence  county  line,  to  the  Upper  Chateaugay  lake,  which,  is 
situated  near  the  line  between  Franklin  and  Clinton  counties. 
This  territory  contains  about  3,5b0,000  acres,  of  which  3,280,000 
acres  are  considered  to  be  covered  with  dense  forests.  Within 
this  region  there  are  froni  1300  to  1400  lakes  and  ponds,  while 
from  it  the  eighteen  important  streams  just  enumerated  diverge 
in  eveiw  direction.  The  general  elevation  of  the  Adirondack  pla- 
teau is  about  2000  feet  above  the  level  of  the  sea.  Little  discus- 
sion is  needed,  therefore,  to  show  the  great  value  of  this  elevated 
forest-covered  jdateau  as  a conservator  of  the  natural  waters  of 
the  State. 

One  important  utilization  of  the  waters  of  this  State  formerly 
was  the  carrying  of  logs  to  market  through  the  various  streams. 
By  reason  of  the  clearing  off  of  the  forests,  that  business  has  grad- 
ually declined  until,  except  in  the  Adirondack  plateau,  it  is  now 
of  little  importance.  It  has  been  the  policy  of  the  State  for  a 
number  of  years  to  acquire,  as  far  as  possible,  by  tax  title  and 
})urchase,  bodies  of  land  in  the  Adirondack  forest  for  the  purpose 
not  only  of  conserving  the  forests  in  order  to  increase  the  yield 
of  streams,  but  for  the  further  purpose  of  creating  a forest  park 
wortln^  of  the  great  Commonwealth  of  New  York.  In  order  to 
carry  out  this  puoject  the  Forest-Preserve  Board  has  been  empow- 
eied  to  purchase  lands  within  the  forest,  or,  failing  to  agree  on 
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terms  with  the  landowners,  to  take  lands  under  condemnation 
proceedings.^ 

The  Adirondack  plateau  is  a rugged,  rocky  region,  sparsely 
populated,  and  worthless  for  agriculture.  Its  chief  value  lies  in 
a complete  utilization  of  such  natural  resources  as  attach  to  its 
unparalleled  water-yielding  capacity.  From  this  point  of  view  it 
may  easily  become  an  important  factor  in  the  future  development 
of  New  York.  To  insure  this  result,  the  water  yield  of  every 
stream  of  the  region  needs  to  be  conserved  by  reservoir  systems. 

DATA  OF  CLIMATE  IN  NEW  YORK 

Climate  may  be  defined  as  the  atmospheric  conditions  affecting 
life,  health  and  comfort,  and  including  temperature,  moisture, 
prevailing  winds,  pressure,  etc. 

The  climatic  data  of  New  York  have  been  accumulating  for 
over  seventy-five  years.  In  1825  the  Board  of  Kegents  organized 
a systematic  service  at  over  fifty  schools  and  academies  in  the 
State.  This  is  noteworthy  as  being  the  first  important  attempt 
made  in  this  country  towards  the  investigation  of  local  climate. 
In  1854-59  the  Smithsonian  Institution  began  the  distribution  of 
meteorological  instruments  throughout  the  State  and  a large  num- 
ber of  observaitions  were  taken,  some  of  them  by  private  parties, 
from  1826-1875.  The  work  of  the  Board  of  Regents  was  discon- 
tinued in  1863,  although  weather  records  Avere  maintained  at  the 
military  posts  at  Sackett  Harbor,  Plattsburg  and  in  New  Y^ork 
harbor,  as  Avell  as  by  independent  observers.  From  1871  to  about 
1874  stations  were  established  by  the  United  States  Signal  Service 
at  Buffalo,  Rochester,  OsAvego,  Albany  and  NeAV  York  city,  and 
in  1895  at  Binghamton.  In  1903  a station  AA^as  established  at 
S^u^acuse. 

Q'he  State  Meteorological  Bureau  Avas  organized  in  1889,  and 
for  ten  years,  in  consideration  of  the  number  of  observations,  the 
records  are  the  most  satisfactory  thus  far  made.  In  1899  this 
bureau  passed  under  the  control  of  the  Department  of  Agriculture 

1 Tlie  State  holdings  in  the  Adirondack  region  up  to  the  year  1902  may  be 
determined  by  reference  to  a MajD  of  the  Adirondack  Forest  and  Adjoining 
Territory  as  issued  by  the  Forest,  Fish,  and  Game  Commission  in  1902. 
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of  the  United  States,  and  has  since  been  operated  as  a bureau  of 
that  department.  Complete  observations  are  taken  at  the  six 
original  stations  established  by  the  United  States  Signal  Service, 
including  barometer,  temperature,  dewpoint,  relative  humidity, 
vapor  pressure,  precipitation,  wind,  cloudiness  and  electrical 
phenomena.  Generally,  the  Regents  and  the  Smithsonian  obser- 
vations only  included  temperature  and  precipitation,  although 
there  were  a few  exceptions  where  barometer  and  wind  were 
taken.  The  Meteorological  Bureau  also  generally  confines  itself 
to  temperature  and  precipitation,  except  that  at  the  central  office 
at  Ithaca,  and  at  a few  other  places,  barometer  and  cloudiness 
are  taken.  The  same  statement  applies  to  the  work  of  the 
Meteorological  Bureau  as  carried  on  under  the  direction  of  the 
United  States  Department  of  Agriculture. 

The  average  annual  temperature  is  generally  taken  as  decreas- 
ing with  altitude  at  the  ratio  of  1°  F.  to  every  300  feet  of  eleva- 
tion, the  rate  being  somewhat  below  this  average  in  winter  and 
above  it  in  summer.  An  approximate  determination  for  the  State 
indicates  that  the  rates  of  decrease  are  0.3°  F.  per  hundred  feet 
elevation  for  the  winter,  and  0.4°  F.  per  hundred  feet  for  the  sum- 
mer. For  the  mounitains  of  northern  New  York  a much  smaller 
variation  than  0.3°  F.  appears  to  hold  for  the  winter  months. 

The  intimate  relation  which  exists  between  air  circulation  and 
precipitation  in  New  York  is  one  of  the  most  interesting  facts 
to  be  noted.  Owing  to  lack  of  moisture  in  the  continental  inte- 
rior, northwest  winds  in  the  spring,  summer  and  fall  are  essen- 
tially dry.  In  winter  their  dryness  proceeds  from  low  tempera- 
ture and  consequent  small  vapor-carrying  capacity.  The  winter 
precipitation  is  due  almost  entirely  to  stori^^  areas  passing  either 
actually  across  or  in  the  vicinity  of  this  State  and  deriving  their 
supply  of  vapor  from  the  inflow  of  moist  air  which  they  induce, 
either  from  the  Atlantic  ocean  or  from  the  Gulf  region. 

The  winter  months — December,  January,  and  February — have 
somewliat  less  precipitation  than  either  of  the  other  seasons, 
although  in  the  vicinity  of  the  Atlantic  coast,  on  the  southwestern 
highlands  of  the  State,  and  in  the  region  of  the  Great  Lakes  the. 
winter  precipitation  is  relatively  large. 
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lu  the  spring,  rising  temperature  produces  a modification  and 
shifting  of  pressure  systems,  the  winds  decreasing  in  velocity  and 
their  direction  being  more  variable  than  in  winter.  The  frequent 
showers  occurring  in  April  and  May  appear  to  be  due  more  than 
at  any  other  time  to  the  effect  of  an  admixture  of  air  having 
different  temperatures. 

In  summer  the  Gulf  of  Mexico  and  the  Atlantic  ocean  con- 
tribute large  supplies  of  moisture  to  northward-moving  air  cur- 
rents, and,  although  cy  clonic  depressiions  are  less  frequent  than 
at  any  other  season,  the  rainfall  accompanying  each  storm  is 
heavy,  and  in  New  York  the  maximum  sieasonal  precipitation, 
amounting  as  an  average  for  the  whole  State  to  10.96  inches, 
occurs  in  this  season. 

As  regards  the  fall  months,  the  rainfall  of  September  is  usually 
light  in  the  region  east  of  the  Great  Lakes,  while  in  October  the 
niaximum  general  rainfall  occurs.  As  regards  meteorological 
conditions,  winter  may  be  considered  as  beginning  in  November. 

A study  of  the  data  shows  that  there  are  a number  of  contend- 
ing forces  whi(‘h  are  distinctively  operative  in  New  York,  and 
which  by  modifying  one  another  tend  to  j)roduce  numerous  irregu- 
larities of  the  rainfall.  So  irregular  indeed  is  the  precipitation 
that  frequently  ])laces  only  a shoi-t  distance  apart  show  wide 
variation. 

In  a general  way  it  may  be  said  that  the  amounts  of  annual 
rainfall  in  diffei^ent  sections  of  New  York  are  mainly  determined 
by  proximity  to  sources  of  vapor  or  to  vapor-laden  air  currents, 
and  by  the  character  of  the  local  topography.  As  regards  the 
latter  statement,  a more  definite  form  would  be  that  under  similar 
conditions  the  precipitation  is  in  some  degree  ])roportionate  to  the 
altitude.  This  rule,  while  generally  true,  does  not  apply  to  the 
valley  of  the  Hudson  river,  where  the  upper  portion,  including  the 
Champlain  valley,  receives  a somewhat  deficient  rainfall  as  com- 
pared with  the  State  as  a whole.  To  the  west,  the  Adirondack 
plateau  receives  a marked  increase  of  rainfall,  while  farther  north- 
west there  is  a decrease  in  the  valley  of  the  St  Lawrence.  This 
as  also  true  of  the  elevated  region  in  the  vicinity  of  Hemloek  lake. 
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which,  although  several  hundred  feet  higher,  has  a rainfall  con- 
siderably less  than  that  at  Rochester. 

In  the  southeastern  portion  of  the  State  the  ocean  winds  find 
no  obstruction  along  the  coast,  but,  passing  inland  and  meeting 
the  abrupt  ranges  of  the  southeastern  counties,  give  a copious 
rainfall  as  compared  with  that  of  the  initervening  regions. 

Western  New  York,  on  account  of  the  frequent  southwesterly 
direction  of  the  winds,  recedves  an  appreciable  portion  of  its 
vapor  supply  from  the  Gulf  of  Mexico.  The  rainfall  in  central 
New  Y^ork,  although  less  than  that  of  the  southeastern  and  south- 
western highlands,  is  generally  abundant.  The  principal  valleys 
of  the  Susquehanna  system,  and  also  the  depression  of  the  central 
lakes  tributary  to  Oswego  river,  show  a deficiency  as  compared 
with  the  average  of  the  State. 

A knowledge  of  the  snowfall  is  important  in  a study  of  the 
water  resources,  because  by  reason  of  the  snow  lying  on  the 
ground  continuously  for  several  months  it  is  a great  source  of  loss 
in  open  regions  subject  to  severe  winds,  the  evaporative  effect  of 
the  winds  tending  to  carry  away  large  quantities  of  moisture 
which  would  otherwise  be  available  to  maintain  stream  flow. 
Thus  far  the  only  data  relating  to  depth  of  snow  are  those  derived 
from  the  Reports  of  the  State  Meteorological  Bureau.  The  follow- 
ing are  a few  figures  so  derived : In  the  winter  of  1893-94  the  total 
depth  of  snow  at  Humphrey,  in  the  western  plateau,  was  136.5 
inches ; in  1890-91  the  total  depth  at  Cooperstown,  in  the  eastern 
plateau,  was  110  inches ; in  1891-92  the  total  depth  at  Oonstable- 
vil’le,  in  the  northern  plateau,  was  170.7  inches;  in  the  winter  of 
1890-91,  at  Utica,  in  the  Mohawk  valley,  the  total  depth  was  165 
inches,  and  in  1891-92,  at  the  same  place,  151.6  inches.  The 
records  show  that  at  the  places  where  these  large  snowfalls  oc- 
curred the  ground  was  continuously  covered  with  snow  for  sev- 
eral months.  If  the  winds  were  of  high  velocity  at  the  same  time 
the  evaporation  loss  must  have  been  very  great.^ 

Division  of  the  State  into  climatic  areas.  In  1891  the  State  Me- 
teorological Bureau  divided  the  State  into  ten  subdivisions, 

iFor  extended  discussion  of  climate  of  New  York  see  a monograph  by 
E.  T.  Tanner,  in  8th  Rep’t  New  York  Weather  Bureau. 
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namely : Western  plateau,  Eastern  plateau,  Northern  plateau, 
Atlantic  coast,  Hudson  valley,  Mohawk  valley,  Champlain  valley, 
St.  Lawrence  vallej^.  Great  Lakes  and  Central  Lakes. 

The  Western  plateau  includes  the  western  portion  of  the  central 
])lateau  extending  across  the  southern  part  of  the  State  from  the 
Hudson  valley  to  Lake  Erie.  This  plateau  extends  from  Lake 
Erie  to  the  valley  of  Seneca  lake  and  to  the  point  due  south  of 
Seneca  lake  where  the  two  main  branches  of  the  Susquehanna 
river  unite. 

The  Eastern  plateau  includes  the  portion  of  the  central  plateau 
to  east  of  the  valley  of  Seneca  lake  and  the  point  due  south  of 
Seneca  lake  where  the  two  main  branches  of  Susquehanna  river 
unite.  It  is  terminated  to  the  east  by  the  Hudson  river  valley. 

The  Northern  plateau  includes  the  region  north  of  the  Mohawk 
valley,  west  of  the  Champlain  valley  and  east  and  south  of  Lake 
Oiiiario  and  the  St  Lawrence  valley. 

The  Atlantic  coast  region  includes  Long  Island,  New  York  city 
and  its  neighborhood,  to  the  northern  part  of  Westchester  county. 
With  the  flat,  sandy  beaches  and  low  ground  surrounded  by  water, 
with  hills  never  rising  more  than  one  hundred  feet,  this  region  is 
entirely  open  to  the  influence  of  sea  winds.  It  has  the  highest 
temperature  and  precipitation  in  the  State. 

The  Hudson  valley  is  a narrow  strip  of  land  on  both  sides  of 
the  river,  surrounded  by  hills  and  tablelands  as  far  as  the  High- 
lands. Higher  up,  the  valley  widens  into  the  extensive  plains  on 
the  west  side  of  the  river.  Although  this  region  is  nearly  at  sea 
level,  its  climate  is  generally  much  severer  than  the  Atlantic 
coast  region,  owing  to  the  cold  northern  winds  flowing  from 
Canada  along  the  valley  of  Lake  Champlain. 

The  Mohawk  valley  extends  along  the  Mohawk  river  to  beyond 
Rome.  The  rainfall  is  about  two  inches  less  than  that  of  the 
northern  plateau. 

The  Champlain  valley  includes  the  valleys  of  Lakes  Champlain 
and  George,  only  a few  hundred  feet  above  sea  level  for  the  whole 
distance.  On  the  east,  in  Vermont  and  Massachusetts,  moun- 
tains rise  to  over  3000  feet,  while  on  the  west,  the  Adirondack 
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iiiountaius  aro  over  5000  feet  in  liiglit.  Tlie  temperature  of  this 
region  is  low,  for  the  same  reason  as  given  in  the  description  of 
the  Hudson  valley. 

St  Lawrence  valley  extends  along  the  St  Lawrence  river  from 
Lake  Ontario  to  the  north  line  of  the  State.  It  is  a level  region, 
gradually  inclining  upward  to  the  northern  plateau.  In  New 
York  State  it  is  from  40  to  50  miles  in  width,  while  in  Canada  it 
extends  for  a long  distance  to  north  and  west  of  the  St  Lawrence 
river. 

The  region  of  the  Great  Lakes  begins  as  a narrow  strip  in  Chau- 
tauqua county,  gradually  widening  and  extending  along  the  shore 
of  Lake  Ontario,  from  20  to  40  miles  in  Avidth,  to  Oneida  lake. 
North  of  Oneida  lake  this  region  shrinks  to  a narrow  belt,  at 
Oswego,  but  widens  again  above  this  point  towards  the  plains 
of  the  St  Lawrence  valley. 

The  region  of  the  Central  Lakes  includes  the  valleys  of  Keuka, 
Seneca,  Cayuga,  Owasco  and  Oneida  lakes.  On  account  of  its 
central  location,  it  possesses  climatic  peculiarities  differing  con- 
siderably from  the  balance  of  the  State.^ 


Table  No.  1.  Showing  number  of  stations  of  weather  bureau  and 
APPROXIMATE  ELEVATION  ABOVE  TIDEWATER,  IN  1893  AND  1902. 


1893 

1902 

Number  of 
stations 

Approximate 

elevation 

Number  of 
stations 

Approximate 

elevation 

(1) 

(2) 

(3) 

(4) 

(5) 

Western  plateau 

14 

1,211 

17 

1,135 

Eastern  plateau 

14 

1,192 

19 

1,068 

Northern  plateau 

7 

1,328 

12 

1,318 

Atlantic  coast 

4 

82 

5 

175 

Hudson  valley 

9 

353 

8 

382 

Mohawk  valley 

2 

491 

3 

556 

Champlain  valley 

2 

233 

6 

286 

St  Lawwence  valley 

7 

389 

4 

351 

Great  Lakes  region 

12 

496 

12 

446 

Central  Lakes  region 

5 

742 

6 

676 

76 

92 

^This  description  of  the  climatic  divisions  of  the  State  is  abstracted  from 
the  2d  An.  Kept,  of  the  Commissioners  of  the  State  Meteorological  Bureau 
and  Weather  Service,  1890. 
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These  several  regions  have  considerable  difference  in  elevation, 
as  exhibited  by  table  No.  1,  showing  number  of  stations  and 
approximate  elevation  above  tideAvater  in  1893  and  1902.  In 
1893  the  western  })lateau  comprised  fourteen  stations,  with  an 
approximate  elevation  above  tideAvater  of  1211  feet,  while  in  1902 
the  western  j)lateau  comprised  seA^enteen  stations,  with  an 
approximate  elevation  of  1135  feet.  OAving  to  the  fact  that  the 
observations  are  voluntarily  made,  considerable  change  in  the 
stations  has  taken  ]>lace  betAveen  1893  and  1902,  many  stations 
at  Avhich  observations  AAere  kept  in  the  former  year  having  been 
discontinued  and  new  stations  at  other  places  substituted.  The 
shoAving,  therefore,  of  table  No.  1 is  relative,  and  merely  intended 
to  give  a general  idea  of  the  approximate  elevations  of  the  several 
divisions.  In  the  case  of  the  northern  plateau  there  are  no  sta- 
tions in  the  higher  mountains,  and  hence  that  region  is  inade- 
quately represented  in  table  No.  1. 

Description  of  the  meteorological  tahles.  Tables  Nos.  2 to  8, 
inclusiA’e,  give  a meteorological  summary  at  Albany,  Buffalo,  Erie, 
Ba.,  NeAV  York  city,  Northfield,  Vt.,  Oswego  and  Rochester,  for 
the  calendar  years  1891-1901,  inclusive.  Column  (11)  in  these 
tables  gives  the  maximum  ])recipitation  in  24  hours  for  each  year, 
and  column  (12)  the  month  in  Avhich  the  maximum  precipitation 
occurred.  The  utility  of  these  columns  in  designing  sewers  and  in 
considering  effects  of  floods  is  obvious. 

Tables  Nos.  9 to  18,  inclusive,  give  the  mean  temperature  of 
the  several  climatic  areas  into  Avhich  the  State  has  been  divided 
for  the  Avater  years  1891-1901,  inclusive.  The  mean  temperature 
for  the  eleven  years  included  in  these  tables  varies  from  42.2°  per 
year  in  the  northern  plateau  to  50.9°  for  the  Atlantic  coast  region. 

In  tables  Nos.  19  to  28,  inclusive,  Ave  have  the  precipitation 
of  the.  several  climatic  areas  of  the  State  for  the  Avater  years 
1891-1902,  inclusive.  The  aA^erage  precipitation  varies  from  a 
minimum  of  34.40  inches  in  the  Central  Lakes  region  to  46.71 
inches  in  the  Atlantic  coast  region,  or  a range  of  12.25  inches. 


Table  No.  2 — Meteorological  summary  at  Albany  for  calendar  years  1891-11^)01,  inclusive. 

(Elevation  of  weather  bureau=85) 
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Table  No.  3 — Meteorological  summary  at  Buffalo  for  calendar  years  1891-1901,  inclusive. 

(Elevation  of  weather  bureau=690) 
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Table  No.  6 — Meteorological  summary  at  Northfield,  Vt.,  for  calendar  years  1891-1901,  inclusive. 

(Elevation  of  weather  bureau=871) 
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Table  No.  8 — Meteorological  summary  at  Rochester  for  calendar  years,  1891-1901,  inclusive. 

(Elevation  of  weather  bureau=510) 


HYDROLOGY  OP  NEW  YORK 


59 


Averajre 
hourly 
velocity 
of  wind, 
miles 

i 

■rH 

I >.0  ^ O Ot  rH  tH  05  00  CD 

OOX)OOOOOOOOOOt.'-I>QOOO 

1 Ci 
00* 

Precipitation  j 

Month 

October  .... 

July 

August 

December . . . 

August 

Jtily 

July 

August  . ... 

June 

March 

December . . . 

Max.  in 
24  hours, 
inches 

E 

OI  O 05  Ct  CD  T-H  L-  CO  Ct  00  O 
lOTHT-H£-0DT-HlOiO'^O5Ct 

rH  rtl  ,-H  tH  CO  Ct  t-h  ct  Ol 

1 

Total, 

inches 

S' 

'TfH  O t-H  (M  (H-)  o CD  OI  O 

CD  O lO  rr  rti  00  rH  )C  1-1  d 

CO  CO  lo  ID-  O CD  O C-  CD  00 

CO  CO  CO  CO  CO  CO  CO  CO  Ot  CO  CO 

o 

CO 

Vapor 

PRESSURE 

8 P.  M., 

inches 

s 

lD£^0005t-C0O0I0505rrl 
£'-Cr00  00CD00£''OCD0005 
OI  Cl  Cl  Ct  Ct  Ct  Cl  CO  Cl  Cl  ct 

ooooooooooo 

ct 

00 

ct 

o’ 

1 

8 A.  M., 

inches 

s 

CDrrlO^05C0CD£r^OCD 
CD  CD  £'  00  ID  t-  CD  00  CD  00  00 
Cl  Ct  Cl  Ci  d Cl  C?  Cl  Cl  Ct  Cl 

ooooooooooo 

0.273 

Relative 

HUMIDITY 

8 P.M., 

per 

cent 

tr~ 

rHr^£r,_,05rHOd£-OlD 
£r  £r  £-  CD  i'' 

Cl 

£r 

8 A.M., 
per 
cent 

s 

rt(cDi>CDTHr^l^ril<d'ctiaO 

£r  {,-  t-  £r  £-  £-  £- 

ID 

tr 

Dewpoint 

2^  ! 

oo  1 

s 

0000j>c50000000 

H^lCOCOrcf^COCOCOHtlCOCOr^ 

39 

S o 

CO 

OOOf>OCDOOOOOL-OOQO 

cococococococococococo 

00 

CO 

Mean 

temper- 

ature. 

CO 

rH  ID  ID  o O ID  Cl  rH 

OOiDCDOiDiDooOOOOtr 

48.1 

Mean 

barom- 

eter, 

inches. 

s 

00£-CDG5CDOOCDIDCDrtlTH  CD 

1 

0~l  Ol 

Table  No.  9 — ^NIean  temperature  of  western  plateau  for  water  years  1891-1901,  inclusive. 
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Table  No.  10 — Mean  temperature  of  eastern  plateau  for  water  years  1891-1901,  inclusive. 
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Table  No.  11 — Mean  temperature  of  northern  plateau  for  water  years  1891-1901,  inclusi\e. 
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Table  No.  12 — Mean  temperature  of  Atlantic  Coast  Region  for  water  years  1891-1901,  inclusive. 
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Table  No.  13 — Mean  temperature  or  Hudson  valley  for  the  water  years  1891-1901,  inclusive. 
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Table  14 — Mean  temperature  of  Mohawk  valley  for  the  water  years  1891-1901,  inclusive. 
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Table  No.  15 — Mean  temperature  of  Champlain  valley  for  water  years  1891-1901,  inclusive. 
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Table  No.  16 — Mean  temperature  of  St.  Lawrence  valley  for  water  years  1891-1901,  inclusive. 
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Table  No.  17 Mean  temperature  of  Great  Lakes  region  for  water  years  1891-1901,  inclusive. 
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Table  No.  IS — Mean  temperatuee  of  Central  Lakes  region  for  water  years  1891-1901,  inclusive. 


HYDROLOGY  OF  NEW  YORK 
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Table  No.  19 — Precipitation  of  western  plateau  for  the  water  years  lS91-irMl2,  inclusive. 

(In  inches) 


TO  NEW  YOUK  STATE  MUSEUM 
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Table  No.  20— Precipitation  of  eastern  plateau  foe  water  years  1891-1902,  inclusive. 

(In  inches) 
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Table  No.  21 — Precipitation  of  nortiib:rn  plateau  for  the  water  years  1891-11XJ2,  inclusixe. 

(In  inches) 


NEW  YORK  STATE  MUSEUM 
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Table  No.  22 — Precipitation  of  Atlantic  Coast  Region  for  the  water  years  1S91-1902,  inclusive. 

(In  inches) 
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Table  No.  23 — Pkecipitation  of  Hudson  valley  for  the  water  years  1891-1902,  inclusive. 

(In  inches) 
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Table  No.  24 — Precipitation  of  Mohawk  valley  foe  the  water  years  1891-1902,  inclusive. 

(In  inches) 
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Table  No.  25 — Precipitation  of  Champlain  valley  for  the  water  years  1891-1902,  inclusive. 

(In  inches) 
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Table  No.  2G— Precipitation  of  St.  Lawrence  valley  for  the  water  years  1891-1902,  inclusive. 

(In  inches) 
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Division  of  the  year  into  slorage,  (/rowing  and  roplenishmc/ 
periods.  In  rofeieiice  to  takiii<>'  as  a water  year,  the  period 
extending  from  December-Noveniber,  inelnsive,  instead  of  from 
Jannary-December,  inclusive,  it  may  be  stated  that  such  or  a 
similar  division  has  been  customary  with  advanced  hydrologists 
for  many  j^ears,  although  in  the  United  States  the  advantages 
of  this  division  have  not  thus  far  generally  appeared  obvious 
to  writers  on  this  subject.  In  England  a water  year  beginning 
with  September  and  ending  with  August  is  quite  common.  The 
same  thing  has  been  done  b}^  the  Philadelphia  Water  Department 
in  tabulating  the  data  of  Neshaminy,  Perkiomen,  Tohichon  and 
Wissahickon  creeks  and  Schuylkill  river.  However,  ii'o  hard  and 
fast  rule  can  be  laid  down  for  the  beginning  and  ending  of  these 
periods.  In  some  years  the  storage  period  will  end  soon  after 
^lay  1,  while  in  other  years  it  may  be  extended  into  the  first  or 
second  week  in  June.  After  some  consideration  a division  <of 
the  storage  period  from  December-May,  inclusive,  has  been  taken 
as,  on  the  whole,  best  re])resenting  average  conditions. 

The  storage  period  is  the  jieriod  when  evaporation  is  lowest 
and  the  largest  amount  'of  water  may  be  stored.  On  reference 
to  table  No.  G7,  runoff  data  of  Ci'oton  river  for  the  water  years 
1877-1891),  inclusive,  it  aj)pears  that  the  mean  runoff  for  the 
storage  period  is  1G.81]  indies;  the  mean  evaporation,  6.85  inches; 
and  the  mean  rainfall,  2.3. G8  inches.  The  mean  runoff,  therefore, 
is  71  per  cent,  of  the  mean  rainfall.  In  the  growing  period  on 
Croton  river  the  mean  runoff  is  2.57  inches,  with  13.58  inches 
mean  rainfall,  or  the  runoff  is  19  per  cent,  of  the  rainfall.  In 
the  replenishing  period  tlie  mean  runoff  is  3.42  inches  and  the 
mean  rainfall  12.08  inches,  or  the  rlinoff  is  27  per  cent,  of  the 
rainfall.  It  is  obvious,  therefore,  that  it  is  only  during  the 
months  'of  the  storage  period  that  any  large  amount  of  water 
can  be  stored.  A similar  condition  is  shown  by  tables  Nos.  43 
and  61. 

During  the  storage  period,  vegetation  is  inactive  and  evapora- 
tion takes  jilace  chiefly  through  wind  action.  It  seems  clear. 
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therefore,  that  a forest-protected  area  will  show  less  evaporation 
during  the  months  of  Ihe  storage  period  than  will  an  area  which 
is  fully  exposed  to  the  sweep  of  the  winds.  In  proof  of  this  it 
may  be  cited  that  the  Hudson  area  shows,  on  an  average,  only  4.6 
inches  evajioration  during  the  storage  period,  while  the  Genesee 
area,  during  the  same  period,  shows  8.9  inches.  The  Croton  area 
shows  6.85  inches  evaporation  for  the  same  period.  It  is  probable 
that,  due  to  greater  elevation,  winds  are  more  searching  on  the 
Genesee  area  than  on  the  Croton  area,  although  the  forestation  is 
not  very  different.  It  is  also  probable  that  owing  to  proximity  to 
the  ocean  the  humidity  is  greater  on  the  Croton  area  than  On 
the  Genesee,  l)ut  since  there  are  no  observations  this  latter  point 
can  not  be  stated  except  as  an  inference.  At  Erie,  Buffalo, 
Eochester  and  Oswego  the  conditions  are  somewhat  the  same  as 
at  New  York  and  the  hnmidity  shown  by  tables  Nos.  3,  4,  7 and  8 
is  not  very  different.  YY  need  humidity  observations  for  the 
upper  Genesee  in  order  to  settle  the  relation. 

In  the  growing  period  vegetation  is  active  and  large  demands 
are  made  upon  ground  water  to  sup])ly  its  requirements.  Dur- 
ing this  period,  as  an  average,  2.57  inches  of  water  runs  off  from 
the  Croton  area,  although  in  1880  only  0.68  in(‘h  ran  off.  As 
a broad  proposition,  ground  water  tends  to  become  lower  and 
lower  throughout  the  growing  period. 

In  the  replenishing  period  the  average  runoff  from  the  Croton 
area  is  3.42  inches,  from  an  average  i*ainfall  of  12.08  inches. 
During  this  ])eriod,  broadly,  ground  water  is  rising  and  con- 
ditions tend  to  restore  themselves  to  that  at  the  beginning  of 
the  storage  period.  The  varying  conditions  on  the  Genesee  and 
Hudson  rivers  during  these  periods  may  be  seen  by  reference  to 
the  tables  relating  to  tliose  streams. 

One  great  advantage  of  dividing  records  into  these  periods 
is  as  follows:  Since  evaporation  and  plant  absorption  are  light 
during  the  months  of  the  storage  period,  it  follows  to  a great 
degree  that  the  amount  of  water  which  can  be  stored  is  exhibited 
by  the  rainfall  of  the  storage  months.  Realizing  this  fact,  it 
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has  been  the  writer’s  habit  for  several  years,  in  storage  projects, 
to  first  tabulate  rainfall  in  the  manner  indicated.  Such  pro- 
cedure has  the  advantage  that  it  leads  one  away  from  the  con- 
templation of  mere  detail.  There  is  a positive  disadvantage  in 
considering  the  monthly  quantities,  for  which  there  is  no  com- 
pensation. The  division  into  the  three  periods  exhibits  the  more 
important  characteristics  without  overburdening  the  mind.  It 
is  believed  that  a considerable  advance  on  ordinary  practice  has 
been  made  by  proceeding  in  the  manner  stated. 

THE  RELATION  OF  RAINFALL  TO  RUNOFF 

The  runoff  of  a stream  is  influenced  by  many  complex  condi- 
tions— as,  for  instance,  amount  of  rainfall  and  its  intensity, 
nature  of  soil,  slope  of  surface  and  area  and  configuration  of 
catchment  basin.  It  is  also  influenced  by  geologic  structure,  for- 
ests, wind,  force  of  vapor  pi’essure  and  other  elements.  Data  are 
still  lacking  for  a really  satisfactory  discussion  of  the  question, 
although  they  have  accumulated  so  rapidly  during  the  last  few 
years  that  many  conservative  conclusions  can  be  drawn  which 
may  be  accepted  as  substantially  true. 

As  a result  of  many  years’  study  of  the  problem  indicated  by 
the  heading  of  this  chapter  the  writer  has  come  to  the  conclusion 
that  no  general  formula  is  likely  to  be  found  expressing  accu- 
rately the  relation  of  rainfall  to  the  runoff  of  streams,  for  streams 
vary  widely  in  their  behavior,  and  when  they  do  agree  the  agree- 
ment is  usually  accidental.  As  a general  proposition  we  may 
say  that  every  stream  is  a law  unto  itself. 

The  final  formula  of  runoff  for  a given  stream,  therefore,  will 
differ  in  some  particulars  from  that  for  every  other,  except  that 
there  may  be  accidental  resemblances  as  regards  slope,  shape  of 
catchment  area,  surface  geology  or  some  other  peculiarity.  It  is, 
however,  true  that  an  empirical  formula  may  be  made  for  certain 
classes  of  streams  which  will  give  approximately  the  runoff  for 
a series  of  years. 
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Rainfall 

Cause  of  rainfall.  The  cause  of  rainfall  has  been  discussed  by 
Mr  Velschow  in  the  transactions  of  the  Anierican  iSociety  of  Civil 
Engineers.!  This  paper  may  be  referred  to  for  a very  good  dis- 
cussion of  the  subject. 

The  subject  is  also  very  ably  discussed  by  Alfred  J.  Henry  in 
one  of  the  Weather  Bureau  Reports.^  Mr  Henry  remarks  that  the 
theories  of  rainfall  given  in  books  of  twenty  or  thirty  years  ago 
are  not  now  wholly  accepted.  Still  there  is  one  simple  principle 
upon  which  no  disagreement  exists — that  in  order  to  produce  rain 
the  temperature  of  the  air  must  be  suddenly  cooled  below  the 
dewpoint.  When  the  air  is  thus  cooled  a portion  of  the  vapor  is 
changed  to  the  liquid  and  the  particles  thus  formed  may  float 
away  with  the  wind  or  they  may  increase  in  size  and  fall  to  the 
ground  by  virtue  of  gravity.  Whether  the  condensation  results 
simply  in  cloud,  or  whether  rain  falls,  depends  on  the  magnitude 
of  the  temperature  changes  taking  place  in  the  air  mass. 

The  precise  manner  in  which  air  is  cooled  to  produce  rain, 
whether  by  contact  or  by  mixing,  is  not  clearly  apprehended. 
Cooling  by  expansion,  as  air  ascends,  is  one  of  the  most  effective 
causes  of  rainfall.  The  ascensional  movement  is  brought  about 
in  several  ways,  probably  the  most  important  of  which  is  circula- 
tion of  air  in  cyclonic  storms,  by  a radial  inflow  from  all  sides  and 
an  ascensional  movement  in  the  center.  A very  large  percentage 
of  the  rain  of  the  United  States  is  precipitated  in  connection  with 
the  passage  ot  storms  of  this  class.s 

Mr  Henry  discusses  the  precipitation  of  the  United  States  under 
the  following  topics:  (1)  The  statistics  used  and  their  accuracy; 
(2)  geographic  distribution  and  annual  allowance;  (3)  monthly 
distribution  by  districts  and  types;  (4)  the  precipitation  of  the 
crop-growing  season;  (5)  secular  variations;  (6)  details  of  the 

1 The  Cause  of  Kain  and  the  Structure  of  the  Atmosphere,  by  Franz  A. 
Velschow : Trans.  Am.  Soe.  Civil  Eng.,  Vol.  XXXIII,  1890,  p.  303. 

2 Rainfall  of  the  United  States,  by  Alfred  J.  Henry,  chief  of  division: 
Ann.  Kept.  Weather  Bureau,  1896-97,  p.  317. 

3 Abstracted  from  Mr  Henry’s  paper.  i 
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precipitation  bj  geographic  districts,  and  (7)  excessive  precipita- 
tion. 

The  chapter  on  “ Excessive  precipitation  ” is  probably,  from  an 
engineering  point  of  view,  the  most  important.  Mr  Henry  states 
that  in  1888  attention  was  first  directed  to  the  importance  of 
statistics  of  excessive  rainfall.  At  the  present  time  the  Monthly 
AVeather  Review  publishes  a table  of  maximum  rainfalls  in  five 
and  ten  minute  and  one  hour  periods,  etc. 

Table  Xo.  VTK  of  Mr  Henry’s  paper  gives  details  of  excessive 
rainfall  at  ATashington,  Savannah,  and  St  Louis,  and  table 
Xo.  IX  gives  maximum  intensity  of  rainfall  for  periods  of  five, 
ten,  and  sixty  minutes  at  tlie  ^^>athel'  Rureau  stations  (Mpiipped 
with  self-registering  gages,  compiled  from  all  available  records. 
Inasmuch  as  this  paper  may  be  readily  referred  to  further  detail 
is  omitted. 

Measurement  of  rainfall.  The  subject,  How  close  may  rain- 
fall be  measured?”  has  been  fully  discussed  by  Prof.  Cleveland 
Abbe.^  Ihmfessor  Abbe  states  that  the  influence  of  altitude  was 
first  brought  to  the  attention  of  tlie  learned  world  by  Heberden 
who,  in  1709,  in  a memoir  in  the  Transactions  of  the  Royal  Society 
of  London,  stated  that  a gage  on  Westminster  Abbey,  over  150  feet 
above  the  ground,  caught  less  than  half  as  much  as  a gage  at  the 
ground. 

Profs.  Alexander  D.  Bache  and  Joseph  Henry,  and  Mr  Desmond 
FitzGerald  have  studied  tlie  question  extensively  in  this  country. 
Mr  FitzGerald’s  results  may  be  found  in  the  Journal  of  the  Asso- 
ciation of  Engineering  Societies  for  August,  1884.2 

Mr  FitzGerald  kept  two  gages,  one  at  a hight  of  2 feet  6 inches 
above  the  level  of  the  ground,  and  the  second  at  a distance  of  150 
feet  from  the  first,  and  at  an  elevation  of  20  feet  4 inches  above 
the  lower  gage.  Both  gages  were  14.85  inches  in  diameter. 

1 Determination  of  the  True  Amount  of  Precipitation  and  its  Bearing  on 
Theories  of  Forest  Influences,  by  Cleveland  Abbe:  Appendix  I of  Bulletin 
No.  7,  Forest  Influences ; Forestry  Division,  United  States  Department  of 
Agriculture. 

2 Does  the  Wind  Cause  the  Diminiished  Amount  of  Rain  Collected  in 
Elevated  Rain  Gages?  By  Desmond  FitzGerald:  Jour.  Assoc.  Engineering 
Societies,  Vol,  III,  No.  10  (August,  1884). 
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These  gages  were  located  at  Chestnut  Hill  reservoir,  in  the  city 
of  Boston,  but  the  observations  for  wind  velocity  were  taken  from 
the  Signal  Service  observations,  5 miles  distant.  Witli  only  five 
exceptions  during  the  five-year  period,  the  upper  gage  delivered 
materially  less  water  than  the  ground  gage,  the  average  difference 
being  10.6  per  cent  for  the  whole  period.  But  snowfalls  and 
mixtures  of  snow  and  rain  are  not  included  in  the  table  of  data 
given  in  the  paper. 

The  results  recorded  by  Professor  Abbe  are  somewhat  more 
extensive  than  those  presented  by  Mr  FitzGerald,  though  Mr 
FitzGerald  states  in  his  paper  that  he  has  prepared  a series  of 
experiments  with  nine  gages  and  a self-recording  anemometor, 
from  which  in  the  course  of  time  some  more  definite  results  may 
be  reached.  So  far  as  the  writer  knows,  this  second  series  of 
observations  has  not  been  published. 

In  order  to  show  how  the  catch  of  rainfall  diminishes  with 
hight  of  the  gage.  Professor  Abbe  gives  in  his  table  No.  IV  the 
results  of  observations  at  different  places.  These  range  from  90 
per  cent  of  a gage  at  the  ground  to  47  per  cent.  In.  tables  Nos. 
I,  II,  and  III,  Professor  Abbe  also  gives  the  result  of  various 
gages,  which  gave  52  to  7 per  cent  less  of  rainfall,  and  from  80  to 
16  per  cent  less  of  snowfall,  than  gages  at  the  ground.  Professor 
Abbe  remarks  that  these  tables  show  conclusively  the  large 
influence  of  wind  on  the  catch  of  rain,  but  show  nothing  of  its 
influence  on  the  catch  of  snow.  As  an  observational  method  of 
obtaining  the  true  rainfall  from  gage  readings.  Professor  Abbe 
suggests  the  following  as  offering  a fair  approximation : 

If  the  present  gage  has  been  standing  in  an  open  field  at  a few 
feet  elevation,  place  two  or  more  similar  gages  near  it,  and  simi- 
larly located  as  far  as  obstacles  are  concerned,  except  only  that 
one  of  these  is  to  be  decidedly  lower  than  the  old  one  and  the 
other  decidedly  higher.  From  a comparison  of  the  simultaneous 
records  of  any  two  gages  and  their  altitudes,  we  should  for  each 
separate  rainfall,  rather  than  for  the  monthly  and  annual  sums, 
deduce  the  normal  rainfall  by  the  solution  of  two  or  more  equa- 
tions of  the  form : 

Observed  catch  of  gage=(l — x altitude) x (desired  catch  of  normal 
pit  gage).  (1) 
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Where  oo  is  the  unknown  special  coefficient  of  deficiency  due  to 
wind  at  that  altitude — that  is  to  say,  having  two  gage  catches, 
Cl  and  C2  for  the  two  altitudes.  Hi  and  Ho — we  obtain  the  true 
rainfall  (R)  by  the  formulas: 


whence, 


c^=(l — -R;  and 
e={l-xs/H,)  R. 


p c.VH-o,VH, 
VH— VH 


1 

(c,— c=c,  +n(Ci- 

I 

v/  II. 


(4) 


If  Cj  and  Hj  relate  to  the  lower  gage,  we  shall  generally  have 
Cj>  and  H^  <^l2’  coefficient  n will  be  a positive  fraction, 

for  value  of  which,  for  such  combinations  as  may  easily  occur  in 
practice,  a table  is  given  in  the  paper. 


It  is  evident  then,  without  special  discussion,  that  nearly  all 
rainfall  measurements  thus  far  made  in  the  United  States  are 
only  approximations,  and  that  while  they  remain  in  this  state  to 
carry  them  out  to  more  than  one  decimal  place  is  an  unnecessary 
refinement. . 

Determination  of  minimum  rainfall.  The  writer  has  spent  con- 
siderable time  in  an  attempt  to  determine  about  what  the  mini- 
mum rainfall  at  any  particular  Station  may  be  expected  to  be;  or, 
rather,  he  has  endeavored  to  ascertain  the  relation  between  the 
minimum  rainfall  and  the  maximum.  In  the  course  of  this  quesit 
he  has  examined  practically  all  the  records  in  the  State  of  New 
York,  as  well  as  many  records  in  New  Jersey,  Pennsylvania, 
Michigan,  Illinois,  Nebraska,  Colorado,  and  Wyoming,  as  well  as 
in  Canada.  As  a general  rule,  to  which  there  are  some  excep- 
tions, the  minimum  rainfall  may  be  placed  at  about  one-half  of 
the  maximum.  That  is,  if  the  maximum  rainfall  at  a given 
station  is  about  50  inches,  the  minimum  will  be  in  the  vicinity  of 
20  to  25  inches.  In  some  cases  the  minimum  will  be  not  more 
than  one-third  of  the  maximum,  or  even  somewhat  less  than  one- 
third;  occasionally,  not  more  than  one-quarter.  Ft  is  not  in- 
tended, however,  to  lay  this  down  as  an  absolutely  universal  rule, 
but  rather,  for  the  present,  as  a somewhat  imperfect  guide.  As  a 
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further  rough  guide  it  remains  to  point  out  that  in  case  a given 
record  does  not  conform  substantially  to  the  foregoing  it  may  be 
assimied  that  either  the  minimum  or  the  maximum,  as  the  case 
may  be,  is  still  to  occur.  Near  the  seacoast,  where  the  supply  of 
moisture  in  the  air  is  more  nearly  constant,  there  is  less  variation 
than  in  the  interior,  and  the  rule  that  the  maximum  is  double  the 
minimum  is  more  generally  true.  This  proposition  is  also  gener- 
ally true  as  regards  English  meteorology. 

Is  rainfall  increasing  f This  question  has  been  discussed  by 
Prof.  Mark  W.  Harrington,^  Avho,  however,  reached  no  very  defi- 
nite conclusion,  although  he  is  disposed  to  answer  it  in  the 
negative.  The  method  of  discussion  followed  was  to  reduce  the 
annual  rainfalls  to  a series  of  means  of  each  five  years.  These 
means  were  entered  on  a succession  of  maps,  five  years  apart  in 
time,  and  on  these  maps  were  drawn  the  line  of  40  inches  of 
annual  rainfall.  The  question  to  be  determined  is,  as  we  draw 
this  line  for  each  five-year  mean,  does  it  change  its  position  in 
any  regular  and  systematic  way? 

An  examination  of  the  detail  shows  that  while  these  lines  are 
subject  to  limited  fiuctuations,  there  are  no  uniform  or  systematic 
fluctuations.  The  line  of  equal  rainfall  for  1861-1865  occupied 
nearly  the  same  position  as  the  line  for  1886-1890.  The  varia- 
tions are  sometimes  extensive,  but  Avithout  systematic  progress. 
Professor  Harrington  therefore  concludes  that  with  the  data  at 
hand  there  is  not  sufficient  evidence  of  systematic  fluctuation  of 
the  rainfall. 

Relation  of  rainfall  to  altitude.  This  matter  has  been  referred 
to  in  a discussion  of  Mr  Noble’s  paper,  Gagin, gs  of  Cedar  River, 
Washington,^  where  the  statement  has  been  made  that  in  the 
State  of  New  York  the  rainfall  records  shoAv  both  increase  and 
diminution  of  precipitation  Avith  increase  of  altitude.  The 
Hudson  river  catchment  area  shows  a higher  precipitation  at  the 
mouth  of  the  river  than  it  does  at  its  source  in  the  Adirondack 

^Raiinfall  and  Snow  of  tire  United  States,  Compiled  to  the  End  of  1891; 
Avith  Anmial,  Seasonal,  Monthly,  and  other  Charts,  by  Mark  W.  Harring- 
ton: Bulletin  C,  Weather  Bureau,  U.  S.  Dept,  of  Agricnltnre. 

-Trans,  Am.  Soe.  Civil  Eng.,  A^ol.  XLI,  pp.  1-29. 
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mountains,  while  the  Genesee  river  shows  the  opposite,  namely, 
higher  precipitation  at  its  source  than  at  its  month. 

According  to  a table  of  average  monthly,  annual  and  seasonal 
precipitation  in  Mr  Turners  monograph  on  the  climate  of  New 
York  8tate^  it  appears  that  the  coast  region,  which  includes  Block 
Island,  East  Hampton,  Setaiiket,  Fort  Columbus,  New  York  city. 
Mount  Pleasant,  Tarry  town.  White  Plains,  Croton  dam,  and 
North  Salem,  has  an  average  annual  precipitation  of  44.93  inches. 
With  the  exception  of  Block  Island,  these  stations  are  all  in  New 
York  and  not  far  from  the  coast,  and  they  range  in  elevation 
above  tidewater  from  IG  feet  at  East  Hampton  to  361  feet  at 
North  Salem.  Tlie  average  elevation  of  the  coast  region  is  132 
feet.  The  records  vary  in  length  from  7 years  to  49  years,  with 
a total  of  195  years.  Five  of  the  stations  are  in  Westchester 
county. 

As  given  by  Mr  Turner,  the  northern  plateau  includes  Con- 
stableville,  Lowville,  Fairfield,  Johnstown,  Pottersville,  Elizabeth- 
town, Keene  Valley  and  Dannemora,  in  the  counties  of  Lewis, 
Herkimer,  Warren,  Essex,  and  Clinton.  According  to  the  table 
the  average  annual  precipitation  at  these  places  is  38.97  inches. 
The  elevation  of  the  stations  above  tide  ranges  from  600  feet  at 
Elizabethtown  to  1356  feet  at  Dannemora,  with  an  average  eleva- 
tion of  973  feet.  The  records  vary  in  length  from  4 to  22  years, 
with  a total  of  73  years. 

Again,  the  western  plateau,  which  includes  stations  in  Catta- 
raugus, Wyoming,  Allegany,  Steuben,  Livingston  and  Chemung 
counties,  has  an  average  elevation  above  tide  of  1307  feet,  ranging 
from  1950  feet  to  525  feet,  and  has  an  average  annual  precipita- 
tion of  35.58  inches,  while  the  Hudson  valley,  which  includes 
stations  in  Putnam,  Orange,  Dutchess,  Ulster,  Columbia,  Albany, 
Rensselaer  and  Washington  counties,  has  an  average  elevation  of 
230  feet  above  tide,  with  an  average  annual  precipitation  of  38.46 
inches.  The  records  range  from  9 years  to  65  years,  with  a total 
of  277  years. 


Climate  of  New  York  State,  by  E.  T.  Turner,  C.  E.,  late  Meteorolo- 
gist of  the  New  York  Weather  Bureau : Fifth  Ann.  Kept.  New  York  Weather 
Bureau,  1893.  Reprinted  in  Eighth  Ann.  Kept,  of  the  Bureau,  1896. 
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The  Grertt  Lakes  region,  with  an  average  elevation  of  494  feet, 
has  an  average  annual  precipitation  of  35.17  inches,  while  the 
Central  Lakes  region,  with  an  average  elevation  of  G90  feet,  has  an 
average  annual  precipitation  of  43.41  inches. 

Mr  Turner’s  table  is  based  on  a calendar  year,  from  January  to 
December,  inclusive.  Further  data  may  be  obtained  from  this 
excellent  table. 

In  table  No.  24  of  the  Upper  Hudson  Storage  Surveys  Report  for 
189 G there  is  given  the  mean  precipitation  of  the  Upper  Hudson 
catchment  area.  The  stations  therein  included  are : Albany,  1825- 
1895,  71  jears;  Glens  Falls,  1879-1895,  17  years;  Keene  Valley, 
1879-1895,  17  years;  western  Massachusetts,  1887-1895,  9 years; 
northern  plateau,  1889-1895,  G^  years;  Lowville  Academy,  1827- 

1848,  22  years;  Johnstown  Academy,  1828-1845,  18  years;  Cam- 
bridge Academy,  1827-1839,  13  years;  Fairfield  Academy,  1828- 

1849,  22  years;  Granville  Academy,  1835-1849,  15  years.  Assum- 
ing the  northern  plateau  as  a unit,  the  total  number  of  years  is 
1994,  and  the  mean  of  all  is  37.4  inches.  A reference  to  the  rain- 
fall map  in  the  report  of  the  United  States  Board  of  Engineers  on 
Deep  Waterways  will  show  that  this  is  necessarily  an  approxima- 
tion, because  of  great  lack  of  stations  in  the  interior  of  this 
region. 

As  regards  the  catchment  area  of  the  Upper  Genesee  river, 
there  is  a very  decided  increase  in  rainfall  as  one  goes  toward 
the  source.  For  the  years  1889-189G,  inclusive,  the  rainfall  in 
the  upper  afea  of  this  stream  was  42.19  inches,  while  at  Rochester 
for  the  same  years  it  was  35.G4  inches.  This  statement  is 
specially  interesting,  because  there  seems  to  be  a well-marked 
line  dividing  the  smaller  rainfalls  of  the  lower  area  from  the 
higher  rainfalls  of  the  upper.  At  Hemlock  lake,  Avon,  and  Mount 
Morris  the  rainfalls  are  all  low,  the  average  at  Hemlock  lake 
from  187G-1895,  inclusive,  being  27. 5G  inches.  In  1880  it  was  21.99 
inches;  in  1879,  22.1G  inches,  and  in  1881  only  24. 3G  inches.  We 
have  here  three  3^ears  of  exceedingly  low  rainfall,  in  which  the 
runoff  must  have  also  been  very  low.  In  1895  the  rainfall  at 
Hemlock  lake  was  only  18.58  inches.  The  average  precipitation 
at  Avon  and  Mount  Morris  from  1891  to  1896,  inclusive,  was  30.12 
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inches.  In  1895  it  was  only  25.05  inches.  The  following  are 
stations  at  which  it  was  much  higher  for  the  years  1891  to  1895, 
inclusive ; I.*eroy,  45.25  inches,  and  Arcade,  41.60  inches. 

The  statements  of  precipitation  in  the  Genesee  river  catchment 
area  are  all  based  on  a water  year,  December  to  November, 
inclusive. 

The  following  are  from  Russell’s  Meteorology,^  illustrating 
Atlantic  coast  rainfalls,  and  are  the  averages  derived  from 
observations  extending  from  1870  to  1888.  The  rainfalls  are 
stated  to  be  fairly  representative  for  large  districts  of  country 
around  the  places. 

At  Jacksonville  the  Weather  Bureau  office  is  at  an  elevation 
above  tide  of  43  feet,  while  the  average  annual  rainfall  is  57.1 
inches.  At  Norfolk  the  elevation  of  tlie  Weather  Bureau  is  57  feet 
above  tide,  and  the  average  rainfall  is  51.7  inches.  At  Boston 
the  Weather  Bureau  office  is  125  feet  above  tide,  and  the  average 
rainfall  is  46.8  inches. 

The  following  illustrate  the  change  as  one  goes  north  through 
the  Mississi[>j)i  valley  : At  New  Orleans  the  Weather  Bureau  office 
is  54  feet  above  tide,  the  average  rainfall  62.6  inches ; at  St  Louis, 
Weather  Bureau  ofllice  567  feet  above  tide,  average  rainfall  37.8 
inches;  at  St  lhaul,  Weather  Bureau  office  850  feet  above  tide, 
average  rainfall  28.9  inches. 

The  following  illustrate  the  Rocky  mountain  region : At  Fort 
Grant,  Ariz.,  elevation  of  Weather  Bureau  4833  feet,  average  rain- 
fall 15.8  inches;  at  Denver,  elevation  of  IVeather  Bureau  5300  feet, 
average  rainfall  14.7  inches;  at  Fort  Benton,  Mont.,  elevation 
2565  feet,  average  rainfall  13.2  inches. 

The  following  illustrate  the  Pacific  coast  region : At  Portland, 
elevation  of  Weather  Bureau  office  is  157  feet,  average  rainfall 
50.3  inches;  San  Francisco,  elevation  153  feet,  average  rainfall 
23  inches;  San  Diego,  elevation  69  feet,  average  rainfall  10.2 
inches. 

These  figures  abundantly  support  the  proposition  that  in  the 
United  States  the  rule  of  increased  precipitation  with  higher 


1 iMeteorology,  by  Thomas  Russell,  U.  S.  Asst.  Engineer. 
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altitude  is  bv  no  means  universal.  The  writer  can  not  say  posi- 
tively, because  he  has  not  examined  the  vast  number  of  records 
with  reference  to  this  point,  but  he  thinks  it  quite  possible  that 
the  reverse  is  more  nearly  true.  That  is,  owing  to  distance  from 
the  ocean,  prevailing  direction  of  wind,  and  other  causes,  it  is 
probable  that  for  the  entire  country  precipitation  decreases  with 
higher  altitude  rather  than  increases. 

The  decision  of  this  question  will  depend  to  some  extent  upon 
steepness  of  ascent.  Thus  on  Mount  Washington,  which  is 
projected  into  the  air  far  above  the  surrounding  mountains,  the 
rainfall  is  about  83  inches.  In  other  cases,  where  the  ascent  is 
gradual,  no  increase  is  apparent.  The  same  is  also  frequently 
true  of  sharp  ascents.  On  Longs  Peak,  in  Colorado  (elevation 
14,271  feet,)  the  rainfall  in  1899  was  16.7  inches. 

Moreover,  the  writer  has  mostly  avoided  comparatively  small 
differences  in  rainfall — those  not  exceeding  2 to  2.5  inches.  In 
such  cases  the  difference  is  too  small  to  be  any  certain  guide. 
Specially  is  this  true  in  the  case  of  the  northern  plateau,  where 
there  is  still  a srreat  lack  of  stations.  The  differences  between 
high  altitudes  and  low  should  be  as  much  as  5 or  6 inches.  Again, 
whether  the  excess  rainfall  occurs  in  the  winter  or  summer 
months  must  be  taken  into  account.  If  it  occurs  in  the  summer, 
even  3 inches  of  rainfall  may  not  make  more  than  0.1  or  0.2  inch 
in  the  stream.  Rainfall  and  runoff  observations  are  not  yet,  nor 
are  they  likely  to  ever  be,  definite  enough  to  take  into  account 
an  annual  difference  of  much  less  than  about  1 to  1.5  inches. 
Again,  the  writer  has  ceased  to  be  excessively  particular  about 
the  total  of  the  annual  rainfall.  Assuming  some  considerable 
length  of  record,  small  errors  have  relatively  slight  effect.  This 
matter  is  referred  to  here  because  nearly  all  rainfall  records — 
at  any  rate  in  the  United  States — have  mo’re  or  less  error  in  them, 
and  while  it  is  desirable  to  have  records  as  reliable  as  possible, 
a few  errors  do  not  affect  a record  very  seriously.  It  is  neverthe- 
less very  desirable  to  know  the  history  of  the  record  in  order  to 
insure  the  degree  of  confidence  to  be  placed  in  it. 
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Increase  of  runoff  with  increase  of  rainfall.  In  making  allow- 
ance for  ditference  in  rainfall,  it  should  be  remembered  (1)  that 
ill  many  catchment  areas  the  annual  runoff  is  in  nearly  constant 
relation  to  the  precipitation;  and  (2)  that  such  relation  will  be 
more  marked  when  the  excess  rainfall  above  a certain  minimum 
annual  depth  is  taken  into  account.  This  subject  will  not  be 
])ursued  at  length  any  farther  than  to  point  out  that  in  the 
Genesee  catchment  an  average  of  10.5  inches  runs  off  in  the  stor- 
age period ; 1.7  inches  in  the  growing  period,  and  2.0  inches  in 
the  replenishing  period.  In  the  Hudson  catchment,  an  average  of 
KUO  inches  runs  off  in  the  storage  period;  3.45  inches  in  the 
growing  period,  and  3.72  inches  in  the  replenishing.  In  the  Cro- 
ton catchment,  an  average  of  1G.83  inches  runs  off  in  the  storage 
l»eriod;  2.57  inches  in  the  growing  period,  and  3.42  inches  in  the 
replenishing.  These  figures,  it  may  be  again  stated,  are  the 
means — the  maximum  and  minimum  runoff’s  can  be  determined 
by  examining  the  tables. 

Kroadly,  the  proposition  is  that  a given  increase  in  rainfall 
above  the  amounts  required  to  produce  the  foregoing  figures  will 
be  followed  by  something  like  a similar  increase  in  runoff.  Such 
increase,  however,  is  not  veiw  definite,  although  the  broad  state- 
ment is  true  that  it  bears  a relation  to  the  'rainfall. 

The  following  Avill  illustrate  the  essential  truth  of  this  proposi- 
tion : 


Inches \ 

Rainfall  Runoff 

Genesee  river. 

Yearly  average 40.3  14.20 

1895  (minimum  year) 31.0  6.67 


Difference 

9.3 

7.53 

1894  (maximum  vear) 

Yearlv  average 

47.79 

40.30 

19.38 

14.20 

Difference 

7.49 

5.18 

Comparing  the  maximum  year 

1894  

1895  

with  the  minimum,  we 

47.79 

31.00 

have : 
19.38 
6.67 

Difference 

16.79 

12.71 
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Ka  infall  Runoff 

Comparing  the  storage  periods,  we  have : 

Average  of  storage  period 19.40  10.. 50 

Storage  period  of  1895  (minimum) 13.20  5.63 

Difference 6.20  4.87 

Storage  period  of  1894  (maximum)  27.71  15.73 

Average  of  storage  period 19.40  10.50 

Difference 8.31  5.23 

Comparing  any  two  years,  we  have : 

1892  41.69  15.42 

1896  40.68  12.80 

Difference 1.01  2.62 

Comparing  storage  periods : 

Storage  period  of  1892 19.84  9.38 

Storage  period  of  1896 17.84  9.25 

Difference 2?^  0 . 13 

Comparing  growing  periods : 

Growing  period  of  1892 15.30  4.90 

Growing  period  of  1896 10.28  0.83 

Difference 5.02  4.07 

Comparing  replenishing  period: 

Eeplenishing  period  of  1896 12.56  2.72 

Replenishing  period  of  1892 6.55  1.14 

Difference 6.01  1.58 

Hudson  river. 

Yearly  average 44.21  23.27 

1895  (minimum  year) 36.67  17.46 

Difference 7.54  5.81 

1892  (maximum  year) 53.87  33.08 

Yearly  average 44.21  23.27 

Difference 9.66  9.81 

Comparing  the  maximum  year  with  the  minimum,  we  have : 

1892  53.87  33.08 

1895  36.67  17.46 

Difference 17.20  ^ 15.62 
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, Inches ^ 

Rainfall  Runoff 

Comparing  the  storage  periods,  we  have : 

Average  of  storage  period 20.62  16.10 

Storage  period  of  1895  (minimum) 15.79  11.68 

Difference 4.83  4.42 

Storage  period  of  1892  (maximum) 24.95  22.50 

Average  of  storage  period 20.62  16.10 

Difference 4.33  6.40 

Comparing  any  two  years,  we  have: 

1898  48.28  27.12 

1891  42.96  20.56 

Difference 5.32  6.56 

Storage  period  of  1898 22.80  16.81 

Storage  period  of  1891 20.69  16.59 

Difference 2.11  0.22 

Crowing  period  of  1898 13.52  3.24 

Growing  period  of  1891 13.49  2.07 

Difference 0.03  1.17 

Replenishing  period  of  1898 12.19  5.27 

Replenishing  period  of  1891 8.78  1.90 

Difference 3.41  3.37 

Groton  river. 

Average  of  storage  period 23.68  16.83 

Storage  period  of  1897. 20.55  14.64 

Difference 3.13  2.19 

Storage  period  of  1898 28.81  20.08 

Average  of  storage  period 23.68  16.83 

Difference 5.13  3.25 

Comparing  any  two  storage  periods,  we  have  : 

Storage  period  of  1896 24.84  18.01 

Storage  period  of  1895 19.55  14.78 

Difference 5.29  3.23 

Storage  period  of  1888 30.33  21.74 

Storage  period  of  1883 19.03  11.37 

Difference 11.30  10.37 
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By  observing  the  relation  indicated  in  the  foregoing  tabula- 
tions, together  with  hight  of  ground  water,  one  may  approxi- 
mately compute  the  rainfall  from  the  runoff.  In  the  same  way 
the  runoff  may  be  approximately  computed  from  the  rainfall. 

Map  of  averarje  rainfall  in  the  ^tate  of  New  York.  On  plate 
XCVITI  of  the  Keport  of  the  United  States  Board  of  Engineers  on 
Deep  Waterways,  the  writer  has  given  the  average  rainfall  at  a 
large  numiber  of  stations  throughout  the  State  of  New  York. 
AVhen  this  map  was  ]n-epared  considerable  time  was  expended  in 
drawing  lines  of  equal  rainfall  upon  it,  but  so  many  discrepan- 
cies appeared  that  it  was  finally  concluded,  for  the  present,  that 
it  should  be  allowed  to  stand  without  such  lines.  The  only  way 
these  contours  could  be  drawn  with  any  satisfaction  was  to  omit 
stations  which  conflicted  too  much  therewith.  This,  the  writer 
did  not  feel  justified  in  doing.  The  observations  are  not  exten- 
sive enough  to  enable  one  to  draw  these  lines. 

Length  of  time  required  to  make  good  a series  of  rainfall  records. 
This  question  is  partially  answered  in  the  writer’s  second  report 
on  the  Ujj'per  Hudson  ^Storage  Surveys,  for  1896,  by  a short  analy- 
sis of  a i>aper  by  Alexander  B.  Binnie,  Member  of  the  Institution 
of  Civil  Engineers.^ 

One  of  the  important  problems  worked  out  by  Mr  Binnie  is  an 
answer  to  this  (luestion : AVhat  is  the  least  numiber  of  years 

the  continuous  record  of  which,  when  a mean  fall  has  been  deter- 
mined, Avill  not  be  materially  affected,  as  far  as  the  value  of 
the  mean  is  concerned,  even  if  the  record  be  extended  by  a greater 
number  of  years  of  observation?  Mr  Binnie  says  : 

Collaterally,  inquiry  must  also  be  made  if  the  period  necessary 
to  determine  the  true  mean  fall  is  in  any  way  affected  by  the 
amount  of  the  mean  fall  of  rain ; or  if  any  a]>proximate  rule  can 
be  applied  to  all  countries,  and  to  differing  amounts  of  mean 
annual  rainfall  at  different  stations. 

To  approach  the  subject  without  bias,  some  good  records  of 
long  periods  must  be  carefully  examined,  and  it  must  be  found, 
not  hoAv  near  the  averages  of  the  shorter  periods  into  which  they 

1 On  Mean  or  Average  Rainfall  and  the  Flnctuartions  to  Which  it  is  Sub- 
ject, by  Alexander  R.  Binnie,  M.  Inst.  C.  E.t  Proc.  Inst  C.  R,  Vol.  CIX 
(1892),  pp.  89-172. 
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can  be  divided,  ap|)roacli  the  mean,  but  rather  what  are  the  ex- 
treme divergencies  from  the  miean  of  such  shorter  j>eriods.  By 
this  method,  any  api)roach  to  a general  law  will  soon  be  detected, 
if  the  extreme  divergencies  are  found  gradnalh’  to  decrease,  as 
the  subordinate  periods  into  which  the  record  has  l>een  divided 
increase  in  length. 

Also,  What  is  the  probable  accuracy  of  any  record  the  length  of 
which  is  less  than  that  necessary  to  give  an  average  which  will 
not  be  materially  altered  when  the  rec'ord  is  extended? 

Space  will  not  be  taken  to  show  Mr  Biuuie’s  views  in  detail, 
for  which  reference  may  be  made  to  the  abstract  in  the  second 
Hudson  report,  or,  for  the  complete  views,  to  the  paper  in  the 
Proceedings  of  the  Institution  of  'Civil  Engineers,  but  assuming 
that  the  observations  are  properly  made  it  is  stated  that  depend- 
ence can  be  placed  on  any  good  record  of  thirty-five  years’  dura- 
tion to  give  a mean  rainfall  correct  within  2 per  cent  of  the 
truth.” 

Further,  it  can  be  stated  that  for  iccords  from  twenty  years  to 
thirty-five  years  in  length,  the  error  may  be  expected  to  vary 
from  3.25  per  cent  down  to  2 per  cent,  and  that  for  the  shorter 
l)eriods  of  five,  ten,  and  fifteen  years,  the  probable  extreme  devia- 
tion from  the  mean  would  be  15  per  cent  and  4.75  per  cent, 
respective!}'. 

A twenty  years’  record,  therefore,  may  be  expected  to  show  an 
error  of  3.24  per  cent.  This  is  about  as  close  as  rainfall  records 
in  this  country  Avill  agree,  as  comparatively  fe^v  are  much  beyond 
twenty  years  in  lengih. 

In  his  paper  on  Rainfall  of  the  United  States,  Mr  Henry  has 
examined  this  question,  using  long  records  at  New  Bedford,  St 
Louis,  Philadelphia,  Cincinnati,  and  other  places.  The  rainfall  has 
been  measured  at  New  Bedford  for  83  consecutive  years,  and  at 
St  Louis  for  60  years.  For  a 10-year  period  Mr  Henry  found 
the  following  variations  from  the  normal : At  New  Bedford  4-  16 
per  cent  and  — 11  per  cent;  at  Cincinnati,  + 20  per  cent  and  — 
17  per  cent;  at  St  Louis,  -f  17  per  cent  and  — 13  per  cent;  al 
Fort  Leavenworth,  + 16  per  cent  and  — 18  per  cent ; and  at  San 
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Francisco,  + 0 ](cr  cent  and  — 10  per  cent.  For  a 25  year  period, 
it  was  found  that  the  extreme  variation  was  10  per  cent,  both 
at  St  Lonis  and  New  Bedford.  Mr  Henry  reached  the  conclusion 
that  at  least  35  to  10  years’  observations  are  required  to  obtain 
a result  that  will  not  depart  more  than  ± 5 per  cent  from  the 
true  normal.  Tlie  average  variation  of  a 35  year  period  was  found 
to  be  ± 5 per  cent,  and  for  a total  10  year  jteriod  ± 3 per  cent. 

This  preliminary  study  indicates  slightly  more  range  than  was 
found  by  Mr  Binnie,  although  it  may  be  remembered  that  the 
observations  of  the  latter  are  far  more  extensive  than  Mr  Henry’s. 

Again,  since  the  runolf  is  a function  of  the  rainfall,  it  follows 
that  it  must  be  affected  in  some  degree  in  a similar  manner.  As 
to  just  the  relation,  so  far  as  known,  very  few  computalions  have 
been  made.  Indeed,  very  few^  runoff  tabulations  are  extant  which 
are  long  enough  to  settle  this  <piestion.  It  is  clearhy  therefore, 
very  difficult  to  solve  definitely  so  abstruse  a ju-oblem  as  that  of 
the  extent  to  which  forests  affect  rainfall.  All  solutions  are 
necessarily  tentative  in  their  character  and  will  be  for  some  time 
to  come. 

Mmimtuii  precipitation  in  New  York.  Let  us  now  examine  as 
to  what  the  records  of  precipitation  in  New  York  indicate  in 
regard  to  the  probabilities  of  extreme  low-water  periods.  The 
following  records  of  minimum  precipitation  are  herewith  in- 
cluded : At  Albany  the  water  years  1895  and  1896  represented  a 
period  of  very  low  precipitation.  The  following  are  the  totals 
of  the  several  periods  : 

1895  1896 

Storage  12.58  14.79 

Growing 8.88  8.31 

Replenishing  8.93  6.64 

Total 30.39  29.74 


The  total  precipitation  of  the  previous  year,  1894,  was  34.45 
inches.  It  is  probable  that  for  the  water  year  1896  streams  in 
the  vicinity  qf  Albany  did  not  run  to  exceed  9 inches  on  the  catch- 
ment area. 
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At  Aiibiiru  the  years  1836,  1837  and  1838  cover  a period  of  very 
low  pi*ecipitatioii,  as  shown  by  the  following : 


1836  1837  1838 

Storage  19.41  10.37  7.50 

Growing 6.39  11.35  8.14 

Replenishing  6.56  6.78  6.05 

Total  32.36  28.50  21.69 


Taking  into  account  the  secpience  of  the  foregoing  record  at 
.Viibnrn,  it  is  probable  that  in  the  water  year  1838  the  runoff  of 
streams  in  that  vicinity  did  not  exceed  3 to  4 inches  on  the  catch- 
ment area. 

In  view  of  its  relations  to  the  runoff  of  the  Upper  Hudson  catch- 
ment area,  we  may  refer  to  the  record  at  Burlington,  V4.,  for 
the  years  1893-1896,  inclusive.  We  have  the  following  from  the 
Burlington  recoTd : 


1893  1894  1895  1896 

Storage  8.63  10.35  10.70  9.70 

Growing  13.78  4.51  10.08  11.05 

Replenishing  5.25  8.34  8.19  8.55 

Total  27.36  23.20  28.97  29.30 


Taking  into  account  the  low  precipitation  of  1894,  it  is  prob- 
able that  in  1895  and  1896  streams  in  the  vicinity  of  Burlington 
did  not  run  to  exceed  5 to  6 inches  on  the  catchment  area. 

At  Cazenovia  the  two  lowest  consecutive  years  are  1834  and 
1835,  when  the  total  rainfalls  were  34.29  inches  in  1834  and  32.82 
inches  in  1835.  Inasmuch  as  streams  in  that  vicinity  fall  in  the 
same  category  as  the  Genesee  river,  if  we  assume  similar  con- 
ditions of  forestation,  the  runoff  was  probably  about  8 inches  on 
the  catchment  area. 

At  Cooperstown  the  mean  precipitation  for  the  period  from 
1854  to  1898,  inclusive,  is  39.07  inches.  The  three  consecutive 
minimum  years  occurred  from  1879  to  1881,  inclusive.  The  fol- 
lowing are  tbe  precipitations  for  those  years : 
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1879  1880  1881 

Stoi-age  14.91  18.57  12.33 

Growing 8.44  10.05  7.38 

Replenishing  6.38  8.61  9.56 

Total 29.73  37.23  29.27 


In  1881  the  runoff  of  streams  in  the  vicinity  of  Cooperstown 
probably  did  not  exceed  7 inches.  The  Cooperstown  record  is 
considered  one  of  tlie  best  long  records  in  the  State. 

At  Geneva  the  mean  precipitation  for  twenty-five  years, 
between  1850  and  1893,  inclusive,  is  30.86.  In  the  period  from 
1883-1888,  inclusive,  the  precipitation  at  Geneva  was  continuously 
below  the  mean,  as  indicated  by  the  following: 


1883  1884  1885  1886  1887  1888 

Storage 9.38  10.43  5.61  10.02  6.70  10.48 

Growing  10.57  5.78  12.15  10.19  11.41  8.89 

Replenishing..  5.76  5.85  6.35  7.18  4.07  8.22 

Total  ....  25.71  22.06  24.11  27.39  22.18  27.59 


For  the  years  1887  and  1888,  it  is  probable  that  streams  in  the 
vicinity  of  Geneva  did  not  flow  to  much  exceed  2 to  4 inches  on 
the  catchment  artea. 

At  Glens  Falls  the  mean  precipitation  for  the  years  1879  to 
1898,  inclusive,  is  37.76  inches.  The  following  is  the  record  for 
the  minimum  years,  1880-1884,  inclusive : 


1880  1881  1882  1883  1884 

Storage  14.73  14.83  15.35  13.07  15.97 

Growing 4.61  5.15  9.37  5.01  7.31 

Replenishing  10.38  8.08  6.49  10.11  6.37 

Total  29.72  28.06  31.21  28.19  29.65 


A study  of  runoff  records  shows  that  the  precipitation  of  the 
storage  period  largely  controls  the  runoff  for  the  year;  hence,  in 
a year  like  1883,  when  the  precipitation  of  the  storage  period 
was  only  13.07  inches,  specially  when  such  a year  has  been  pre- 
ceded by  years  like  1880-1882,  inclusive,  the  runoff  will  certainly 
be  very  low.  Probably  in  1883  it  did  not  exceed,  in  the  vicinity 
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of  Glens  Falls,  G inches.  In  1884  the  precipitation  of  the  stor- 
age })eriod  was  2.90  inches  greater  than  in  the  preceding  year, 
but  this  small  additional  precipitation  was  probably  mostly 
without  effect  on  the  streams  because  of  low  gronnd-wabn*. 
It  appears,  therefore,  entirely  safe  to  assume  that  the  runoff  of 
streams  in  the  vicinity  of  Glens  Falls  must  have  been  quite  as  low 
in  1884  as  in  the  previous  year  1883. 

At  Gouverneur  the  total  precipitation  of  the  year  1838  was 
20.93  inches  ; of  1839,  18.87  inches,  and  of  1842,  17.06  inches. 
Assuming  forestry  conditions  at  that  time  in  the  vicinity  of  Gou- 
verneur substantially  as  they  now  exist  on  the  Hudson  river  catch- 
ment ai*ea,  the  runoff  of  the  streams  may  have  been  3 inches,  or 
from  deforested  areas  probably  2 inches. 

At  Ithaca  the  two  lowest  years  of  precipitation  are  1884  and 
1895,  in  both  of  which  the  total  happens  to  be  2G.98  inches.  In 
184G  the  total  of  the  storage  period  was  9.67  inches,  the  total 
for  the  year  being  30.07  inches.  It  is  probable  that  the  extreme 
minimum  runoff  in  the  vicinity  of  Ithaca  does  not  exceed  5 inches. 

At  Keene  Valley  the  lowest  ])reci])itation  recorded  occurred  in 
1881,  the  total  for  that  year  being  28.20  inches.  The  precipita- 
tion of  the  storage  period  was  13.15  inches.  The  totals  of  the 
])revious  years,  1879  and  1880,  were  32.15  and  33.32  inches,  re- 
sjtectiveljT  The  runoff  for  1881  j)robably  did  not  exceed  8.9  inches. 

At  Lowville  the  period  of  lowest  precipitation  was  for  the 
years  1843-184G,  inclusive.  The  following  are  the  figures  for  those 


years : 

1843  1844  1845  1846 

Storage  7.06  11.53  12.90  9.76 

Growing 12.12  7.64  8.30  5.78 

Replenishing  8.30  7.34  9.60  11.63 

Total 27.48  26.51  30.80  27.17 


A marked  peculiarity  of  this  Lowville  period  is  the  low  pre- 
cipitation of  the  storage  period  for  all  the  years  included.  Taking 
this  into  account,  it  is  probable  that  for  the  years  1845  and  1846 
the  runoff  in  the  vicinity  of  Lowville  was  very  low.  In  1845  it 
may  have  reached  8 inches,  but  for  1846  it  is  doubtful  if  it 
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exceeded  5 or  G inches.  These  conclusions,  it  must  be  understood, 
are  based  on  present  conditions  of  forestation.  In  case  there 
were  much  larger  forest  areas  in  that  vicinity  at  that  time,  the 
runoffs  may  have  been  somewhat  larger. 

At  Mexico  the  total  precipitation  for  the  year  1840  was  20.21 
inches,  the  storage  period  of  that  year  being  9.73  inches.  The 
runoff  probably  did  not  exceed  2 inches. 

At  Mount  Morris  the  total  precipitation  of  the  year  1891  was 
23.69  inches,  that  of  the  storage  period  being  10.24  inches.  In 
1895  the  total  was  25.05  inches,  the  storage  period  giving  11.95 
inches.  From  the  writer’s  personal  knowledge  of  the  subject  he 
has  no  hesitation  in  saying  that  in  1895  streams  in  the  vicinity 
of  Mount  Morris  did  not  run  to  exceed  a total  of  about  3 to  4 
inches. 

The  year  1895  was  generally  a year  of  low  precipitation 
throughout  the  Avhole  State.  Thus,  at  Newark  Valley  the  total 
was  28.40  inches;  at  New  Lisbon,  the  total  was  29.93;  at  North 
Hammond,  the  total  was  29.80,  and  so  on.  An  extended  analysis 
of  the  precipitation  records  shows  that  for  a large  portion  of 
the  State  of  New  A"ork  the  runoff  of  1895  did  not  exceed  6 to  12 
inches  on  the  catchment  areas.  At  some  places  the  runoffs  were 
less  than  G inches.  At  Onondaga  Hollow  the  year  of  minimum 
precipitation  occurred  in  1841,  having  been  preceded  by  several 
years  of  rather  low  rainfall.  Streams  in  that  vicinity  probably 
do  not  exceed  6 inches  runoff  in  years  of  minimum  precipitation. 

At  Oswego  the  precipitation  sank  to  2G.15  inches  in  1855  and 
to  23.46  in  1887 ; in  1889  it  was  30.39  inches.  In  1887  the  total 
for  the  storage  period  was  10.55  inches.  It  is  doubtful  if  the 
runoff  at  Oswego  exceeded  about  2 to  4 inches  for  that  year. 

At  Oxford  we  have  the  following  record  for  the  years  1832-1834, 


inclusive : 

1832  1833  1834 

Storage  13.72  14.65  9.62 

Growing 8.71  9.61  11.75 

Replenishing  5.64  10.69  6.99 

Total 28.07  34.95  28.36 
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The  low  precipitation  of  the  storage  period  of  the  water  year 
1834  indicates  runoffs  in  the  vicinity  of  Oxford  for  that  year  of 
perhaps  5 inches. 

At  Palermo,  where  there  is  a continuous  record  from  1854-1898, 
inclusive,  there  are  several  years  in  which  the  precipitation  is 
given  considerably  below  30  inches,  as  for  instance  in  1871,  27.81 
inches;  in  1875,  28.11  inches;  in  1881,  26.37  inches;  in  1882,  28.86 
inches,  and  in  1895,  25.97  inches.  The  precipitation  of  tlie 
storage  period  of  1895  was  only  10.15  inches.  It  is  probable  that 
for  that  year  streams  in  the  vicinity  of  Palermo  did  not  exceed  a 
runoff  of  2 inches. 

At  Penn  Yan  there  is  a continuous  record  from  1829-1867, 
inclusive,  the  mean  of  the  whole  period  being  27.93  inches. 
There  are  several  periods  of  from  three  to  six  years  when  the 
rainfall  was  less  than  tlie  average.  So  marked  is  this  that  it 
seems  safe  to  assume  that  streams  in  the  vicinity  of  Penn  Yan 
do  not  ordinarily  run  more  than  from  4 to  6 inches  on  the  catch- 
ment area.  In  1854  the  total  precipitation  was  19.66  inches. 
There  are  several  years  in  which  the  total  precipitation  at  Penn 
Yan  for  the  storage  period  has  not  exceeded  from  8 to  9 inches. 

At  Pierpont  Manor  the  totals  for  the  years  1852-1854  are  as 
follows:  1852,  30.93  inches;  1853,  27.57  inches,  and  for  1854, 
28.89  inches.  In  1862  the  total  precipitation  was  28.15  inches. 

At  Plattsburg  the  total  precipitation  in  1858  was  29.11  inches 
and  in  1859,  22.78  inches.  In  1893  it  was  25.69  inches,  with  a 
total  of  only  9.92  inches  in  the  storage  period.  For  1895  the 
total  was  29.75  inches.  It  is  evident  that  the  minimum  runoff  of 
streams  in  the  vicinity  of  Plattsburg  does  not  exceed  6 inches. 

At  Pomj)ey  tlie  totals  for  the  years  1836-1838  are  as  follows: 
For  1836,  24.22  inches;  1837,  28.37  inches,  and  for  1838,  24.82 
inches. 

At  Port  Ontario  the  total  precipitation  for  1855  was  26.15 
inches;  for  1871,  29.76  inches,  and  for  1872,  28.81  inches. 

At  Potsdam  we  have  the  following  record  for  the  years  1837- 
1839,  inclusive: 
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1837  1838  1839 

tutorage 10.70  10.19  7.77) 

Growing  7.91  9.57  10.20 

Replenishing  9.63  7.11  1.67 

Total  28.21  27.20  22.62 


In  1895  the  total  precipitation  at  Potsdam  was  31.83  inches. 

At  Poughkeepsie  the  total  for  the  year  1895  was  31.53  inches. 

At  Rochester  there  is  a continuous  record  from  1831-1898, 
inclusive.  The  mean  precipitation  for  this  whole  period  is  33.61 
inches.  For  the  period  1831-1810,  inclusive,  the  total  for  each 
water  year  is  considerably  under  the  mean,  as  follows : In  1831, 
20.37  inches;  1835,  28.67  inches;  1836,  26.83  inches;  1837,  29.57 
inches;  1838,  27.02  inches;  1839,  29.97  inches,  and  in  1810,  28.61 
inches.  In  1851  the  total  was  28.06  inches;  in  1882,  it  was 
26.71  inches;  in  1885,  28.68  inches,  and  in  1887,  only  20.61  inches. 
In  1888  the  total  rose  to  27.31  inches,  but  the  precipitation  of 
the  storage  period  was  only  9.65  inches.  It  is  probable  that  the 
runoff  of  streams  in  1888  in  the  vicinity  of  Rochester  did  not 
exceed  3 to  1 inches.  In  1895  the  total  at  Rochester  was  30.15 
inches. 

At  Rome  the  year  of  minimum  precipitation  for  the  period 
1890-1898,  inclusive,  wtis  1895,  in  which  year  the  total  of  the 
storage  period  was  13.57  inches,  and  the  total  for  the  year  31.30 
inches. 

At  Romulus  the  total  for  the  storage  period  of  1895  was  10.87 
inches,  and  the  total  for  the  year  27.76  inches. 

At  Rutland  the  period  1851-1856,  inclusive,  covered  the  years 
of  lowest  precipitation.  The  mean  at  that  place  from  1816-1861, 
inclusive,  is  36. .51  inches,  but  the  total  for  1851  was  only  29.50 
inches;  for  1855,  32.07  inches,  and  for  1856,  28.83  inches.  In  1856 
the  runoff  of  streams  in  the  vicinity  of  Rutland  could  not  have 
exceeded  5 inches. 

At  Sacket  Harbor  the  mean  1861-1898,  with  four  years  omitted, 
is  32.50  inches.  The  period  1870-1876,  inclusive,  was  far  below 
the  mean,  the  totals  being  as  follows:  1870,  25.16  inches;  1871, 
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2G.02  inches;  1872,  30.75  inches;  1873,  28.79  inches;  1874,  27.58 
inches;  1875,  22.30  inches,  and  1876,  25.42  inches.  In  1875  the 
total  precipitation  of  the  storage  period  was  8.63  inches.  The 
total  runoff  of  that  year  in  the  vicinity  of  Sacket  Harbor  could 
not  have  much  exceeded  2 inches. 

The  years  1879-1888  were  also  low  years  at  Sacket  Harbor. 
The  following  gives  the  record  for  1886-1888,  inclusive: 


1886  1887  1888 

Storage  14.64  11.10  4.24 

Growing 7.38  4.10  5.92 

Replenishing  8.82  7.96  14.59 

Total  30.84  23.16  24.75 


These  three  years  were  preceded  by  several  years  in  which  the 
precipitation  ranged  from  22.50  inches  to  28.87  inches,  the  year 
1885  having  shown  a total  of  26.83  inches.  For  the  year  1895  the 
total  at  Sacket  Harbor  was  29.39  inches. 

At  South  Canisteo  the  total  for  the  year  1895  was  30.72  inches. 

At  Utica  the  mean  of  thirty-six  years,  included  between  1826 
and  1892,  is  42.39  inches.  The  lowest  year  of  this  period  was  1836, 
with  a total  of  31.75  inches. 

At  Watertown  the  mean  of  the  period  1862-1898,  inclusive,  is 
33.53  inches.  There  have  been  several  short  periods  in  which  the 
precipitation  has  been  far  below  the  mean,  as  for  instance  1874- 
1876,  inclusive;  1879-1882,  inclusive,  and  in  the  years  1887  and 
1888.  In  1875  the  runoff  of  the  storage  period  was  9.82  inches, 
the  total  for  the  year  being  21.16  inches.  The  preceding  remarks 
as  to  occasional  very  low  runoff  apj)ly  with  force  to  conditions  in 
the  vicinity  of  Watertown.  The  minimum  runoffs  of  the  locality 
may  be  safely  placed  at  from  4 to  6 inches. 

At  IVaverly  the  total  precipitation  of  the  year  1895  was  25.10 
inches. 

At  Williamstown,  Mass.,  in  the  catcliment  area  of  Hoosic  river, 
a tributary  to  the  Hudson,  there  is  a pr0ci])itation  record  cov- 
ering certain  years  from  1855-1898,  inclusive.  The  mean  of  the 
period  is  39.41  inches.  The  year  of  minimum  precipitation 
occurred  in  1883,  with  a total  of  29.55  inches  for  the  year  and 
11.24  inches  for  the  storage  period. 
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The  foregoing  data  of  precipitation  in  the  State  are  cited  tor 
the  purpose  of  estahlisliing  the  proposition  that  at  times  the  run- 
offs of  New  York  streams  are  very  low,  though  undoubtedly  the 
saving  grace  of  the  whole  matter  is  that  apparently  the  cycles 
of  low  precipitation  do  not  affect  the  whole  State  at  tiie  same 
time.  Indeed,  it  is  onl}'  occasionally  that  catchment  areas  as  large 
as  the  Upper  Hudson,  Ulack,  Mohawk,  Oswego,  Allegheny,  Sus- 
quehanna and  Genesee  rivers  will  be  all  subject  to  drought  in 
the  same  year.  A balancing  of  conditions  is  thus  to  some  extent 
brought  about.  Nevertheless,  while  the  preceding  statement  is 
fairly  deducible  from  the  data,  it  is  the  writer’s  opinion  that  if 
we  had  complete  records  it  would  be  easily  shown  that  the  pre- 
cipitation of  nearly  tlie  entire  State  has  in  some  year  been  on  an 
average  less  than  30  inches,  and  that  consequently  the  streams 
of  the  State,  as  a whole,  did  not  average  in  such  a year  a runoff  of 
more  than  about  7 to  10  inches.  For  individual  catchment  areas, 
like  the  Upper  Genesee,  where  the  total  is  1070  scpiare  miles,  or  for 
the  Oneida  lake  area,  with  a total  above  Brewerton  of  1265  square 
miles,  it  is  quite  possible,  and  indeed  probable,  that  the  minimums 
affecting  the  whole  area  may  sink  somewhat  loAver.  Probably  25 
inches  precipitation  is  not  an  unreasonable  figure.  If  such  a 
minimum  should  occur  for  the  Oneida  lake  area,  the  runoff  for 
the  water  year  Avould  not  exceed  5 inches.^ 

Runoff 

The  laics  of  stream  flow.  A general  statement  of  these  laws 
from  Mr  Vermeule  is  as  follows: 

The  Avaters  of  the  earth  are  taken  u])  by  the  ])rocess  which  Ave 
call  evaporation  and  formed  into  clouds,  to  be  again  precipitated 
to  earth  in  the  form  HDf  rain  or  siioav.  Of  the  Avater  Avhich  falls 
upon  the  basin  of  a stream,  a jiortion  is  evaporated  directly  by 
the  sun;  another  large  portion  is  taken  up  by  ])lant  groAvth  and 
mostly  transpired  in  Ampor;  still  another  portion,  large  in  Avinter 
but  very  small  in  summer,  finds  its  Avay  over  the  surface  directly 

1 The  foregoing  in  regard  to  minimum  precipitation  records  in  New  York 
State  has  been  abstracted  from  the  AAudter's  repoit'  on  Special  Water  Supply 
Investigation,  Appendix  16  of  the  Report  of  the  Board  of  Engineers  on  Deep 
Waterways  Between  the  Great  Lakes  and  Atlantic  Tidewaters.  Executive 
Document  No,  149  of  the  House  of  Representatives,  56th  Congress,  2d 
Session. 
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into  the  stream^  formiug  surface  or  hood  hows;  hually,  another 
part  sinks  into  the  ground,  to  replenish  the  great  reservoir  from 
which  plants  are  fed  and  sti’oam  hows  maintained  during  the 
periods  of  slight  rainfall,  for  the  rainfall  is  frequently,  for  months 
together,  much  less  than  the  combined  demands  of  evaporation, 
plant  growth,  and  stream  how.  These  demands  are  inexorable, 
and  it  is  the  ground  storage  which  is  called  upon  to  supply  them 
when  rain  fails  to  do  so. 

All  of  these  ways  of  disposing  of  the  rain  which  falls  upon  the 
eartli  may  be  classed  as  either  evaporation  or  stream  how. 
Evaporation  we  take  to  include  direct  evai)oration  from  the  sur- 
face of  the  earth,  or  from  water  surfaces,  and  also  the  watei* 
taken  up  by  vegetation,  most  of  which  is  transpired  as  vapor,  but 
a portion  of  which  is  taken  permanently  into  the  organisms  of 
the  plants.  Stream  how  includes  the  water  which  passes  directly 
over  the  surface  to  the  stream,  and  also  that  which  is  temporarily 
absorbed  by  the  earth  to  be  slowly  discharged  into  the  streams. 
A j)ortion,  usually  extremely  small,  j)asses  downward  into  the 
earth  and  ap]>ears  neither  as  evaporation  nor  as  stream  how.  It 
is  usually  too  small  to  be  considered,  and  we  may  for  our  purposes 
assume  that  all  of  the  rain  which  falls  upon  a given  watershed 
and  does  not  go  oh  as  stream  how  is  evaporated,  using  the  latter 
word  in  the  broadened  sense  which  we  have  above  described. 

Probably  one  ver}^  important  effect  of  forests  is  that  upon  the 
ground-water  how  of  streams.  The  stream  with  a catchment  area 
wholly  or  largely  in  forests  will  show,  without  exception,  a much 
better  ground  how  than  one  with  the  area  denuded  of  forests. 
Neshaminy  and  Tohickon  creeks  may  be  cited  as  streams  with 
the  smallest  amount  of  forest  and  the  lowest  curve  of  ground- 
water  how.  rossil)ly  this  is  not  entirely  due  to  forests,  but  it 
may  be  assumed  that  they  bear  some  relation  to  the  result.^ 

Units  of  measurement.  Clemens  Herschel,  luember  American 
Society  Civil  lAigiueei-s,  in  his  ])a]>ei'  on  Measuring  ^^h^t(u■^  has 
dehned  the  essential  elements  of  this  question  in  the  following 
terms : 

For  most  purposes  the  unit  of  volume,  when  using  English 
measures,  has  been  agreed  upon  in  favor  of  the  cubic  foot,  and 


1 Examples  of  groimd-water  curves  for  the  chief  streams  therein  con- 
sidered may  be  found  in  Mr.  Yermeule’s  lleport  on  the  Flow  of  Streams, 
etc.,  in  Final  Repf.  State  Geologist  of  New  Jersey,  Yol.  III.  Trenton,  1894. 

2 Measuring  tYater.  l>y  Clemens  Herschel;  An  address  to  the  students  of 
Rensselaer  Polytechnic  Institute,  Troy,  N,  Y. 
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the  nations  of  the  earth  being  fortunately  agreed  upon  Uieir 
measures  of  time,  have  settled  upon  one  second  of  time  as  the 
unit  to  use  in  measuring  water.  Nevertheless,  the  million  United 
States  gallons  in  twenty-four  hours  has  become  a standard  for 
city  water  supply  practice  in  the  United  States,  and  an  acre  in 
area  covered  an  inch  or  a foot  deep  in  a month  or  in  a year  is 
used  in  irrigation  practice.  But  I would  warn  all  engineers  to 
be  very  slow  to  add  to  the  number  of  such  standards  of  measure 
for  flowing  water,  and  to  abstain  from  and  frown  down  such 
absurd  standards  as  cubic  yards  per  day,  or  tons  Aveight  of  water 
per  day,  or  even  cubic  feet  per  minute  (instead  of  second),  and 
other  incongruities.  . . As  exercises  in  the  art  of  arithmetic 
for  children  such  computations  .may  have  value,  but  in  the  work 
of  civil  engineers  they  become  a stumbling  block  to  an  advance 
of  knowledge,  and  while  unduly  magnifying  the  unessentials,  they 
indicate  a deplorable  lack  of  appreciation  of  the  essentials  of  the 
art  of  the  civil  engineer. 

Cubic  measures  do  well  enough  for  the  contents  of  vessels,  or 
as  Ave  may  express  it,  for  dealing  with  the  science  of  hydrostatics. 
But  so  soon  as  the  water  to  be  measured  is  in  motion,  or  so  soon 
as  the  science  of  hydraulics  has  been  entered  upon,  we  must  get 
clearly  in  our  minds  the  idea  of  rates  of  flow,  or  of  a procession 
of  such  cubic  volumes  passing  a giA^en  point  in  a certain  unit  of 
time,  as  of  a flow  of  so  many  cubic  feet  per  second. 

Very  little  can  be  added  to  what  Mr  Herschel  has  here  said. 
It  is  a clear  exposition  of  the  whole  subject.  Such  units  as  cubic 
feet  per  day  and  cubic  miles  have  clearly  no  place  in  a modern 
paper  on  hydrology. 

The  unit  of  inches  on  the  catchment  area  may,  however,  be 
pointed  out  as  an  exception  to  the  foregoing  general  rule.  This 
unit  is  exceedingly  convenient  because  it  admits  of  expressing 
rainfall  and  runoff  in  the  same  unit  and  without  reference  to  the 
area.  It  brings  out  a number  of  relations  not  otherwise  easily 
shoAvn,  as  Avill  be  exhibited  in  discussing  the  tables  accompanying 
tliis  report. 

Characteristics  of  the  minimum  runoff.  Since  the  rainfall  varies 
so  Avidely,  the  runoff,  which  is  a function  of  the  rainfall,  will  also 
vary  widely.  On  the  Hudson  river  the  maximum  runoff  of  33.08 
inches,  with  a rainfall  of  53.87  inches,  occurred  in  1892.  The 
minimum,  with  a runoff  of  17.46  inches  and  a rainfall  of  36.37 
inches,  occurred  in  1895.  On  the  Genesee  river  the  observed  maxi- 


lOS 


XP:AV  YORK  STATE  :\Ii:SEUM 


mum  rainfall  of  47.79  inches,  with  a Tiinoff  of  19.38  inches, 
occnrred  in  1894.^  The  minimnm  rainfall  of  31  inches,  with  a 
minimum  ruiiotf  of  G.07  inches,  occurred  in  1895.  These  figures 
of  rainfall  indicate  that  either  the  extreme  maximum  or  the 
extreme  minimum  rainfall  has  not  ret  occurred  on  the  catchment 
area  of  this  stream. 

On  the  Muskingum  river  the  maximum  rainfall  thus  far  observed 
is  50.97  inches,  with  a maximum  runoff  of  20.84  inches,  which 
occurred  in  1890.  The  observed  minimum  rainfall  of  29.84  inches, 
with  the  corresponding  minimum  runoff  of  4.9  inches,  occurred  in 
1895.  It  is  also  doubtful  if  either  the  extreme  maximum  or  the 
extreme  minimum  rainfall  has  been  yet  observed  on  the  catchment 
area  of  this  stream.  As  to  whether  the  rainfall  will  go  lower 
there  is  no  certain  way  of  determining.  Moreover,  4.9  inches 
seems  a very  low  runoff — and  the  runoff  is  not  likely  to  be  less 
than  this  figure.  However,  the  rnnoff  in  any  year  depends  very 
largely  on  the  rainfall  of  the  months  from  December  to  May, 
inclusive.  There  may  possibly  be,  therefore,  a lower  annual 
runoff  than  4.9  inches,  even  though  the  total  rainfall  should  exceed 
29.84  inches.  The  rainfall  for  December  to  May,  inclusive,  was 
13.04  inches.  The  runolf  for  that  period  was  4.04  inches. 

Division  of  streams  into  classes.  The  foregoing  statements  indi- 
cate that,  as  regards  runoff,  streams  of  the  eastern  part  of  the 
United  States  may  be  divided  into  classes.  In  the  first  class  will 
fall  streams  where  the  maximum  rainfall  is  from  50  to  00  inches, 
with  corresponding  runoff  somewhat  more  than  one  half  of  the 
rainfall.  The  minimum  runotf  will  be  about  one  half  the  rainfall, 
or  a little  less.  These  statements,  it  may  be  again  repeated,  are 
general  ones,  to  which  there  are  exceptions. 

Another  class  of  streams,  of  which  the  Genesee  and  Muskingum 
rivers  are  typical,  are  those  with  maximum  rainfall  on  their 

3 In  the  eomhiiied  Genesee  river  and  Oatka  creek  record  the  maxinmm 
runoff  of  21.22  inches  occurred  in  1890,  when  the  rainfall  is  placed  at  47.54 
inches.  This,  however,  is  less  reliable  than  the  rainfall  and  runoff  of 
1894,  which  hitter  is  accord injjrly  given  the  preference. 
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catcliiuoiits  of  40  lo  50  indies  and  with  a corresponding  runoff 
somewhat  less  than  one  half  of  the  rainfall.  The  minimum  runoff 
for  these  streams  is  from  one  fourth  to  one  sixth  of  the  corres- 
])onding  rainfall,  or  from  about  IG  per  cent  to  25  per  cent. 

A further  class,  the  far  western  streams,  may  be  mentioned,  in 
which  the  runoff  is  only  a very  small  x>ercentage  of  the  rainfall,  in 
some  cases  not  more  than  4 i)er  cent  to  5 per  cent,  or  at  times  even 
less.  Probably  comprehensive  study  Avould  further  subdivide 
these  streams,  but  the  intention  at  jAresent  is  to  merely  call  atten- 
tion to  some  of  the  more  marked  peculiarities  as  a basis  for  final 
detailed  study. 

If  one  takes  the  streams  of  the  far  Avest,  as  for  instance  Loux) 
riA'er,  in  Nebraska,  Avith  a catchment  area  of  13,542  square  miles, 
Avhere  the  rainfall  in  1894,  observed  at  24  stations,  was  on  an 
average  only  12.84  inches  and  the  runoff  of  the  stream  did  not 
much  exceed  1 inch,  he  will  find  entirely  different  conditions  from 
those  aboAe  stated.  In  many  cases  streams  in  that  locality  run 
much  less  than  1 inch.  The  South  Platte,  at  Denver,  Colo.,  in 
189G,  Avith  a rainfall  of  11.84  inches,  ran  0.62  inch.  The  catch- 
ment area  at  this  place  is  3840  square  miles.  At  Orchard,  Colo., 
• the  South  Platte,  in  1898,  Avith  a rainfall  of  about  17  inches,  ran 
0.9  inch.  The  catchment  area  at  this  place  is  12,2G0  square  miles. 
The  llex)ublican  river,  at  Junction,  Nebr.,  Avith  a rainfall  of  about 
2G  lo  28  inches,  in  1898,  ran  0.39  inch.  The  catchment  here  is 
25,837  square  miles  in  extent. 

The  foregoing  statements  indicate  the  essential  truth  of  the 
proposition  that,  broadly,  each  stream  is  a hiAv  unto  itself.  Any 
formula,  for  either  maximum,  average,  or  mean  runoff,  Avhich 
docs  not  take  this  into  account  is  incomplete. 

Estimation  of  runoff  from  rainfall  (Ikujrams.  Can  runoff  of 
sti'eams  be  estimated  from  diagrams  of  monthly  rainfall?  The 
Avriter  has  spent  considerable  time  on  this  problem  Avithout  arriv- 
ing at  any  very  satisfactory  conclusion.  For  some  months  such 
a diagTam  may  be  made  to  fit  quite  closely,  Avhile  for  others, 
differences  of  as  much  as  2 or  3 inches  appear.  The  conclusion 
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of  the  writer  is,  therefore,  that  such  diagrams  are  at  the  best 
crude  approximations.  Such  study  is,  however,  very  fascinating, 
and  it  is  not  surprising  that  different  hydrologists  have  attempted 
at  various  times  its  solution.  Two  lines  of  work  may  be  men- 
tioned. One  is,  by  a combination  of  a large  number  of  streams 
and  their  rainfall,  to  attempt  to  produce  a universal  formula. 
This,  however,  as  has  been  already  shown,  leads  to  what  is,  in 
effect,  a hodgepodge.  Averages  so  applied  bring  out  class  like- 
nesses, to  the  exclusion  of  individual  features.’’ 

The  other  method  is  to  plat  rainfall  and  runoff  appearing 
monthly  in  inches,  as  abscissas  and  ordinates,  respectively,  and 
in  this  way  to  preserve  the  individual  peculiarities  of  each  stream. 
In  some  respects  the  most  satisfactory  way  is  to  plat  the  rainfall 
and  runoff  of  the  storage,  growing,  and  replenishing  periods, 
thus  grouping  similar  characteristics. 

Storage  in  laics.  The  runoff  of  a stream  is  very  materialh" 
influenced  by  the  number  of  lakes  within  its  catchment  area.  If 
there  are  man^’,  flood  flows  may  be  expected  to  be  much  smaller 
than  they  otherwise  would  be.  Oswego  river,  as  a marked  stream 
with  large  lake  pondage,  may  be  discussed  in  this  connection. 
The  total  catchment  area  of  this  stream  is  5002  square  miles.  It 
issues  from  a i*egion  with  a mean  annual  rainfall  of  from  30  to 
40  inches  and  with  heav}"  snowfalls,  frequently  melting  suddenly 
at  the  end  of  winter.  Nevertheless,  the  ordinary  flood-flows  do 
not  exceed  4 cubic  feet  per  second  per  square  mile,  and  even 
extreme  flood  flows  are  only  6 to  7 cubic  feet  per  second,  per 
square  mile.  As  to  why  this  is  so  is  an  interesting  question 
which  may  be  answered  by  considering  the  large  temporary 
storage  on  the  surfaces  of  the  lakes,  marshes  and  flat  valleys  in 
the  Oswego  area.  In  order  to  show  this,  the  writer  has  prepared 
the  following  tabulations,  in  which  appear  the  names  of  the  sev- 
eral lakes,  with  their  approximate  catchment  areas,  areas  of 
water  surface,  areas  of  flats  and  marsh,  and  total  area  of  water 
surface,  flats  and  marsh. 
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(1)  Seneca  basin 


Catchment 

area, 

Name  of  Lake  or  River.  sq.  mi. 

Area  of  water 
surface, 
sq.  mi. 

Total  area  of 
Area  water  surface, 
of  Hats  Hats  and 

and  marsh,  marsh, 

sq.  mi.  sq.  mi. 

Canandaigua  . . . . 

175.0 

18.6 

8.0 

26.6 

Keuka  

187.0 

20.3 

3.0? 

23.3 

Seneca  

707.0 

66.0 

4.0? 

70.0 

Cayuga  

1,593.0 

66.8 

2.0 

68.8 

Owasco 

208.0 

12.4 

5.5 

17.9 

Skaneateles  

73.0 

12.8 

0.5 

13.3 

Otisco 

34.0 

3,0 

0.5 

3.5 

Cross  

(1) 

4.3 

(2) 

4.3 

Onondaga  

233.0 

4.0 

0.5 

4.5 

Seneca  river 

233.0 

3.5 

(2) 

3.5 

Montezuma  marsh 

45.0 

45.0 

Miscellaneous 

small 

ponds  .- . 

3.5  . 

3.5 

Miscellaneous 

flat 

valleys 

20.0 

20.0 

Total 

3,433.0 

215.2 

89.0 

304.2 

(2)  Oneida  basin 

Cazenovia 

9.0 

2.8 

0.3 

3.1 

Oneida 

1,265.0 

80.0 

120.0 

200.0 

Miscellaneous 

small 

ponds  

5.9  . 

5.9 

Miscellaneous 

flat 

valleys 



6.0 

6.0 

Oneida  river 

128.0 

0.9 

2.1 

3.0 

Total 

4,835.0 

304.8 

217.4 

522.2 

(3)  Oswego  basin 

Miscellaneous  small 

ponds 2.5  2.5 

Oswego  river 1G7.0  2.0  3.3  5.3 

Total 5,002.0  309.3  220.7  530.0 


(1)  Enlargement  of  Seneca  river.  (2)  Area  of  flats  and  marsh  included 
in  Montezuma  marsh. 
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The  foi-e^oing  tabulation  is  mostly  self-explanatory, and  atteiuion 
is  merely  directed  to  the  footings,  from  which  it  is  learned  that  the 
Total  area  of  water  surface  is  approximately  310  square  miles; 
the  total  area  of  tiats  and  marsh,  221  square  miles,  and  the  total 
of  water  surface  Oats  and  marsh,  530  square  miles. 

Dividing  the  total  area  of  water  surface,  Oats  and  marsh  by 
5002,  the  area  of  catchment  basin,  it  appears  that  the  total  area 
of  water  surface,  flats  and  marsh  is  10.0  per  cent  of  the  whole 
catchment.  We  do  not  often  have  flood  runotfs  in  XeAV  York 
exceeding  3 o'r  4 inches  in  depth  over  the  catchment  area,  but 
4 inches  in  depth  over  the  Oswego  ami  would  be  only  37.7  inches 
on  the  j)ondage  ai‘ea  of  530  square  miles. 

Several  of  the  large  lakes  of  this  basin  fluctuate  considerabl}’ 
between  high  and  low  water.  From  tabulations  given  in  the 
l\e])ort  of  the  iSu]ierint(U)dent  of  Public  \\'orks  it  is  shown  that  th(‘ 
fluctuation  of  Skaneateles  lake,  which  is  drawn  upon  as  a canal 
reservoir,  is  as  much  as  5 feet,  and  of  Otisco  lake,  about  4.5  feet. 
A'ccording  to  figures  given  in  the  Fleventh  Annual  Keport  of  the 
State  Foard  of  Health  of  New  York  it  aippears  that  the  maximum 
fluctuation  of  Cayuga  lake  for  a long  series  of  yi^ars  has  iR^en 
7.50  feet,  although  this  large  fluctuation  nmy  be  possibly  partly 
due  to  work  done  by  the  State*  in  cutting  out  the  channel  of 
Seneca  river  for  the  purpose  of  draining  (he  Montezuma  marsh. 
Ordinarily  the  fluctuation  of  Cayuga  lake  does  not  exceed  between 
2 and  3 feet.  From  March  4,  1887,  to  December  2 of  that  year, 
the  lake  fell  . 2. 93  feet,  and  from  March,  1889,  to  December  of  that 
year,  the  fluctuation  was  2.3  feet.  The  figures  are  not  at  hand 
giving  the  fluctuation  of  Canandaigua,  Keuka,  Seneca  and  the 
other  large  lakes  of  this  catchment,  but  it  may  be  certainly 
assumed  that  they  do  not  vary  greatly  from  the  preceding  figures 
of  Skaneateles,  Otisco  and  Cayuga  lakes.  By  way  of  illustrating 
how  these  great  natural  reservoirs  tend  to  prevent  floods,  it  may 
be  mentioned  that  the  configuration  of  Cayuga  outlet  with  i-ela- 
tion  to  Clyde  river  is  such  that  fre(pu*ntly,  when  there  are  heavy 
rainfalls  in  the  catchment  area  of  Clyde  river,  Cayuga  lake  being 
at  the  same  time  at  a low  level,  the  entire  flood  flow  of  Clyde  river 
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is  discliarged  into  CaYiiga  lake  witliout  affecting  Seneca  ricer 
below  the  inontli  of  (dyde  riYer  at  all.  It  is  nndonbtedlY  due  to  this 
fact  that  fall  floods  on  Oswego  riYer  are  almost  entirely  unknown. 

The  evaporation  of  the  Oswego  river  catchment  area  is  exceed- 
ingly large^ — about  28  inches — ^whence  it  results  that  the  runoff 
from  a mean  annual  rainfall  of  from  3b  to  37  inches  does  not 
exceed  about  b or  10  inches.^ 

Computation  of  annual  runoff.  Xo  general  rule  can  be  formu- 
lated for  computing  annual  runoff.  The  formulas  of  Mr  Yermeule 
are  excellent  formulas  of  the  purely  empirical  class,  applying 
fairly  well  to  many  streams  in  the  northeastern  part  of  the  United 
States,  bnt  they  do  not  apply  at  all  to  streams  of  the  middle  west 
and  far  west.  Xor  do  they  apply  to  some  streams  in  the  north- 
eastern section.  Xevertheless,  they  take  into  account  the  ground 
Avater,  and  are  the  most  usefnl  formulas  thus  far  devised.  It  may 
be  mentioned  that  Mr  Yermeuie  specially  disclaims  any  inten- 
tion of  working  out  any  formulas  applying  outside  of  the  State  of 
XeAY  Jersey.  His  general  formula  is  in  the  nature  of  a suggestion. 

Discrepancies  in>  computation  'of  runoff.  In  computing  the  run 
off  of  various  streams  small  discrepancies  will  continually  appear, 
and  when  such  do  n'ot  exceed  1 to  2 inches  they  are  outside  the 
limit  of  discussion.  The  cpiestion  does  not  admit  of  such  ininute- 
ness  as  to  permit  the  discussion  of  small  differences,  although  a 
difference  of  2 inches  on  several  thousand  S(piare  miles  Avould  be 
much  less  serious  than  on  the  usual  municipal  catchment  area 
of  from  20  to  100  s(]uare  miles.  The  size  of  the  catchment  area 
should,  therefore,  in  this  i)articular  be  taken  into  account. 

Moreover,  the  runoff  of  streams  has  thus  far  been  almost  uni- 
versally over-estimated.  Only  a few  were  really  doAvn  to  the  actual 
fact.  Urobably  in  ii'o  dejiartment  of  ju'ofessional  Avork  are  there 
more  things  to  be  taken  into  account  than  here. 

Actual  (jafjinps  prcferahle  to  f/cneral  studies.  While  on  the  gen- 
eral subject  of  the  com})utation  of  runoff  the  Avriter  may  repeat 


1 Tbe  preceding  chapter  has  been  abstracted  from  the  Avr iter’s  report  on 
Special  AA^ater  Supply  Iiu’estigation  to  the  Board  of  Engineers  on  Deep 
AA'aterways. 
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wliat  lie  lias  said  in  his  report  to  the  United  States  Board  of 
Engineers  on  Deep  Waterways^  viz : 

The  data  for  estimating  the  water  supply  of  a large  canal, 
specially  when  on  a large  scale,  should  be  based,  when  such  data 
are  available,  upon  actual  gagings  of  streams,  rather  than  on 
general  considerations  derived  from  study  of  the  rainfall  alone. 
An  examination  of  a large  number  of  estimates  of  canal  water 
supplies,  based  on  the  usual  method,  shows  that  rainfall  data 
alone  are  in  close  cases  inadequate  for  solving  a water-supply 
problem  of  the  magnitude  of  the  one  now  under  consideration. 
When,  however,  actual  gagings  of  the  streams,  extending  over  a 
sufficient  number  of  years,  are  available,  there  is  no  reason  why  a 
water-supply  problem  on  a large  scale  may  not  be  worked  out  with 
the  precision  of  a proposition  in  mathematics. 

AVhat  is  here  said  in  regard  to  water  supplies  for  canals  is 
equally  true  ns  regards  all  other  water  supplies,  either  municipal 
or  for  water  power,  etc.  Farther  on  in  the  same  chapter  it  is 
stated : 

It  is  not  intended  to  say,  however,  that  rainfall  data  are  not  of 
use  in  a hydrologic  discussion.  When,  as  in  the  present  case,  in 
addition  to  stream  gagings  an  extended  series  of  such  data  are 
available,  the  argument  is  made  doubly  good  and  the  demonstra- 
tion strengthened. 

When  records  of  gagings  are  available  the  computation  becomes 
very  simple.  It  is  merely  a matter  of  simple  addition  and  sub- 
traction. 

The  complete  data  required  in  order  to  compute  the  safe  pos- 
sible yield  of  a stream  are  as  follows : 

1)  The  catchment  area. 

2)  The  rainfall  of  the  minimum  year,  as  well  as  for  a series  of 
years. 

3)  A ground-water  diagram  of  the  stream  or,  lacking  such,  a 
diagram  for  a neighboring  stream  lying  in  the  same  or  a similar 
geologic  formation,  and,  so  far  as  possible,  with  similar  condi- 
tions of  forestation. 

4)  The  available  storage  capacity  of  the  stream. 

5)  The  loss  by  water  surface  evaporation  from  the  reservoirs, 
together  with  an  estimate  of  the  loss  by  percolation. 
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The  data  required  for  ordinary  computations  may  be  frequently 
limited  to  the  totals  of  the  storage,  growing,  and  replenishing 
periods,  although  when  ground  water  is  to  be  taken  into  account 
the  monthly  data  should  be  given. 

Formulas  for  runoff.  At  the  risk  of  being  considered  some- 
what elementary  the  writer  will  give  the  more  important  of  the 
formulas  for  runoff,  expressed  in  terms  of  inches  on  the  catch- 
ment area: 


Whence  we  deduce, 

Also, 

and 


^xQx  86400x12 
""  Ax 640x43560 

, nxQxCi 


QxC., 

A 


(5) 

(^) 

(8) 


To  change  gallons  per  day  into  inches  per  month  we  have : 


Also, 


Im  — ^XGxCs 


^XCg 


(9) 

(10) 


In  the  reports  of  the  United  'States  Geological  Survey  the  dis- 
charge of  str'eams  is  sometimes  given  in  acre-feet  per  month.  To 
reduce  such  to  inches  per  month,  we  have,  when  total  acre-feet 
are  given : 


_ B X C4. 


(11) 


In  these  formulas, 

A=area  of  catchment  in  square  miles. 

B==total  acre-feet  per  month. 

D=^cubic  feet  per  second  per  square  mile. 

G=gallons  per  day. 

I,^=inches  in  depth  per  month  on  the  catchment  area, 
ly  rrrinches'in  depth  per  year  on  the  catchment  area. 
a=number  of  days  per  month. 
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(-i  :ciil)ic  feet  per  second  Homing  from  the  eatelmieiit  areip  as 
deferinined  by  gagiugs. 


The  eoiistaiils,  (\,  (\,  (\,  and  L\,  are  left  in  form  for  log* 
arithmie  eompntation.  For  a given  ease,  eateliment  area  is  con- 
stant, and  .V,  in  the  tinal  logarithmic  form,  will  be  combined 
with  these. 

ft  is.  sometimes  convenient  to  have  a.  formula  for  (‘on verting 
discharge  in  cnbic  f(‘et  jier  second  into  inches  draining  from  an 
area  in  14  hours  and  ri(‘v  rvrsa.  ddie  following  forimilas  answer 
to  these  conditions.  In  th(‘se  formnlas, 

(2=“  dischai’ge  in  cubic  feet  pei'  second. 

d=discha’rge  over  catchment,  in  depths  in  inches  in  24  hours. 

A— catchimmt  aitm  in  stpiare  mil(‘s. 


This  formula  is  convenient  for  use  in  considering. floods.^ 

Maxi  mum  discltaifjc  formulas.  A considerable  nnmber  of  such 
have  been  worked  out,  but  the  authors  hav^e  taken  into  account 
so  few  of  the  controlling  conditions,  that  they  are,  at  the  Ix^st, 
mostly  only  crude  guides,  and  the  writer  long  ago  gave  up  their 
use,  except  in  cases  where  only  the  roughest  approximation  was 
required.  Two  exce])tions  may,  however,  from  the  peculiar  form 
of  the  coehicient,  be  briefly  noted,  viz: 


1 IiTi)2:ation  Manual,  by  Lient.  Gen.  ,T.  :Mnllins  (pnblialicd  for  Madras 
Goverimiont),  1800. 


{ 


V «i0x  43560  / 


constant  = 


Cg=  constant  = / i ) 

\ 7.48  X 640  x435bOA 


.) 


'*  “ ‘2ti  SO  A 
and  Q=  26.89  A xd. 


Cl2) 

(13) 


Dickens’s  fornuila,  D = C and 
Ityves’s  formnla,  D = C /Ml 


(14) 

(15) 
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III  those  fonnulas,  1 )=(lischarge  in  cubic  feet  per  second;  C— a 
coenicient,  depending  for  its  Yalne  ipion  rainfall,  soil,  topographi- 
cal slope,  eleYation,  size  of  the  stream,  shape  of  the  catchment,  etc. 
and  i\I==-area  of  the  catchment  in  square  miles. 

C()(’ffi<‘i(‘nt  tabJc  for  rc p refund (d i vc  areas.  ' In  i\rnllins's  Irri- 
gation Manna  I there  are  giYen  tables  for  the  Yalne  of  the 
coeflicieuts  of  these  t^YO  formulas,  together  with  the  coiTespond- 
ing  depth  in  inches,  drained  off  from  the  gicen  areas,  and  the  dis- 
charges in  cubic  feet  per  second.  These  two  formulas  are  cited 
because  thee  take  into  account  the  principle  of  the  sliding  coeffi- 
cient, as  does  the  Kutter  formula,  a principle  which,  all  things 
('onsidered,  is  the  most  useful  thus  far  decised.  It  is  true  that 
maximum  discharge  formulas  IniYe  been  decised  taking  into 
account  aYcrage  slope,  dejtth,  and  intensitY  of  rainfall,  area  of 
the  mountainous  jiaiT  of  the  catchment  and  area  of  the  hat  jiart  of 
the  same  in  sipuire  iniles,  and  length  of  stream  from  source  to 
point  of  discharge.  These  formulas,  howcYer,  also  iiiYolee  from 
one  to  two  coeffiidents  and  liecome  conqilicated  in  use  without,  it 
is  belieced,  anv  s])ecial  gain  oYer  the  simpler  expressions  cited. 
The  formulas  of  Dickens  and  lIvYes,  which  comprise  Avithin  the 
coefficient  C cYerYthing  included  in  the  more  complicated  form- 
ulas, AYere  the  forerunners  of  formulas  of  this  class. 

Coolei/'s  form  alas.  In  an  able  pajier^  Mr  George  W.  Cooley, 
C.  E.,  glees  the  following  formulas  for  runoff: 

For  a catchment  without  lakes, 

0.841  LHC.  (IG) 

For  a catchment  with  large  lakes  as  receiving  reservoirs, 

- F=(R+1"^^'-E)X0.844  W.  (17) 

In  which,  F = flow  in  cubic  feet  per  second. 

K — preci])itation  in  feet. 

L“land  surface  of  catchment  in  square  miles. 

^V— water  surface  of  reservoirs  in  sipiare  miles. 

E = evaporation  in  feet. 

C = coefficient  of  available  rainfall. 

iH.y(lrology  of  the  Lake  Mimietoiika  Watershed,  by  George  W.  Cooley,  C. 
E. ; Monthly  AYeather  Keview,  .January,  1899. 
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The  constant  0.844  is  equal  to  the  niunber  of  feet  in  a square 
mile  divided  the  seconds  in  a year. 

In  these  formulas  the  sliding  coefficient  is  also  recognized.  The 
results,  however,  are  based  on  averages,  although  it  seems  clear 
enough  that,  in  either  power  or  water  supply  works,  what  is 
wanted  is  the  minimum  runoff  for  a year  or  a series  of  years. 
For  instance,  the  minimum  rainfall  at  Lake  Minnetonka  in  1889 
was  only  18.36  inches,  while  the  maximum  in  1892  was  37.90 
inches,  or  a little  more  than  double  the  minimum.  It  is  evident 
enougli  to  an}'  j)orson  who  has  gaged  streams  extensively  that  the 
runoff  in  1889  must  have  been  very  much  less  than  in  1892.  In 
the  absence  of  statements  as  to  the  amount  of  runoff  in  1889,  the 
writer  can  only  estimate  it,  but  he  doubts  if  it  were  over  10  per 
cent  to  12  per  cent  of  the  rainfall.  Probably  about  2 inches  is 
not  far  from  the  mark.  What  is  wanted,  therefore,  is  a concise 
statement,  not  only  in  this  case  but  in  every  other,  of  the  runoff' 
of  the  year  or  series  of  years  of  minimum  rainfall. 

Danger  of  using  averages.  The  writer  has  dwelt  upon  the  fore- 
going point  somewhat  because  only  a few  of  the  more  advanced 
students  of  hydrology  have  thus  far  fully  appreciated  its  import- 
ance. A very  large  pro])ortion  of  all  the  papers  and  reports  pre- 
pared in  the  last  ten  years  have  proceeded  on  the  supposition  that 
safe  deductions  could  be  made  from  an  average  runoff.  It  is 
needless  to  say  that  all  such  are,  without  exception,  erroneous. 
What  is  wanted  is  a clear  statement  of  the  minimum,  together 
with  the  longest  period  which  such  minimum  may  be  expected 
to  occupy.  A study  of  the  meteorological  records  of  the  State  of 
New  York  shows  that  the  minimum  period  may  be  expected  fre- 
quently to  extend  over  three  years.  In  the  writer’s  report  to  the 
United- States  Board  of  Engineers  on  Deep  Waterways,  in  the 
chapter  on  the  Meteorology  of  'New‘  York  and  the  relation  of  pre- 
cipitation to  runoff,  a large  number  of  specific  cases  are  cited, 
but  space  will  not  be  taken  here  to  discuss  them.  This  proposi- 
tion is  true  for  other  regions  than  the  State  of  New  York. 

Danger  of  using  percentages.  A much  greater  danger  arises 
from  the  use  of  percentage  of  rainfall  appearing  in  runoff.  In 
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many  reports  and  papers  it  is  assumed  that  averages  of  a series 
of  percentages  can  be  safely  taken.  The  following  illustration, 
with  five  cases  drawn  from  observation,  may  be  taken  to  show 
that  this  is  erroneous: 


Runoff,  Per  Cent  of  Rainfall 


Case 

Rainfall 

Runofl 

Per  cent 

1 

Inches 

44.3 

Inches 

20.1 

45.37 

‘) 

62.5 

35.0 

56.00 

3 

16.2 

1.2 

7.41 

4 

24.3 

40.4 

2.5 

10.29 

5 

13.1 

32.42 

187.7 

71.9 

5)151.49 

30.29 

Runoff  _ 
Rainfall~m77~^^  • 
Difference^:  8.02 


Runoff  coefficient  misleading.  As  a corollary  to  the  preceding 
proposition,  it  follows  that  the  ratio  betAveen  annual  rainfall  and 
runoff,  known  as  the  runoff  coefficient  or  factor,”  is  essentially 
misleading.  A realization  of  this  fact  has  led  the  Avriter,  in  his 
report  to  the  United  States  Board  of  Engineers  on  Deep  Water- 
Avays,  to  practically  expurgate  this  statement,  or  anything  ap- 
proximating to  it,  from  his  report.  The  expressions,  average 
runoff  ” and  percentage  of  the  rainfall,”  do  not  appear. 

Relation  between  total  runoff  and  runoff  of  storage  period. 
Attention  may  also  be  again  directed  to  the  fact  that  the  total 
runoff  of  a stream  in  any  given  year  depends  very  largely  on  the 
runoff  of  Avhat  may  be  termed  .the  storage  period.”  Usually 
about  0.55  to  0.75  of  the  total  rainfall  of  this  period  appears  as 
runoff  in  the  stream,  while  for  tlie  summer,  or  groAving  period, 
not  more  than  about  0.1  of  the  rainfall  appears.  This  great  dif- 
ference is  due  to  greater  evaporation,  as  AA^ell  as  to  the  absorption 
of  water  by  plants  during  this  period.  The  total  amount  for 
the  year  which  will  appear  as  runoff  in  the  stream  Avill  depend. 
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tlierefoiT,  very  largely  on  whether  or  not  the  rainfall  of  the  stor- 
age ])eriod — December  to  ^lay,  inclnsi\’e — ^is  large  or  small.  If 
the  winter  rainfall  is  relatively  large,  the  rnnofl  will  also  be  rela- 
tively large,  even  thongh  the  total  rainfall  for  the  year  is  small. 
This  fact  must  be  taken  into  account  in  estimating  the  value  of 
streams.  Whether  any  given  stream  is  low  during  tbe  summer 
months  or  has  then  a well-snstained  liow  will  dej)end  very  largely 
on  the  rainfall  of  the  month  of  May.  When  the  ^lay  rainfall 
is  heavy  enough  to  j)roduce  full  ground  water,  the  flow  is  likely 
to  be  well  sustained,  even  though  the  rainfall  is  comparatively 
low  during  the  summer  months  following.  If,  on  the  contrary,- 
the  May  rainfall  is  so  low  as  to  leave  a deficiency  in  ground  water 
foi*  that  month,  the  How  will  be  low  during  the  summer,  even 
though  the  rainfall  is  large. 

The  foregoing  ex])lains  why  for  certain  years  the  runoff  of 
a stream  may  be  relatively  small,  (‘ven  with  rainfall  considerably 
above  the  average. 

To  more  ]>articularly  illustrate  this,  assume  a stream  with,  say, 
()  inches  of  ground-water  How  and  further  assume  that  on  any 
convenient  date  the  ground  water  is  practically  de])leted.  Under 
these  circnmstances,  the  b inches  of  ground  water  must  fill  up 
before  any  very  large  How  can  occur.  On  the  other  hand,  we  may 
considei*  tlie  se(]uence  of  the  rainfall  such  as  to  leave  full  ground 
water.  Avhence  it  results  that  there  will  b(‘  a much  larger  runoff, 
even  though  rainfall  and  other  conditions  are  the  same. 

^^’hat  is  wanted  in  a stream,  1h('refoi‘c,  is  as  large  a ground  flow 
as  ]»ossible,  with  small  evajjoration.  That  there  are  very  great 
differences  in  streams  in  this  respect  may  be  easily  seen  by  exam- 
ining a series  of  tables  of  stream  How.  It  may  be  remarked  that 
these  two  conditions  are  obtaiiu'd  only  on  a forested  area,  for 
])roof  of  which  see  Kulletin  No.  7,  De])artment  of  Agriculture, 
Forest  Influences. 

Effect  of  low  (/round  water.  iUoreover,  when  rainfall  is  below 
the  mean  for  several  months,  the  ground  water  may  be  expected 
to  become  continuously  lower.  This  is  a subject  about  wliich 
coni])aratively  little  is  known,  although  the  data  are  very  ini]>ort- 
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ant  in  estiinaling  tlie  i)Oi‘inanencY  of  a stream.  Aside  from  Mr 
A^ermenle’s,  tlie  most  satisfaetoi-y  discussion  which  the  writer 
has  seen  is  tliat  of  Mr  \\h  S.  Anchincloss.^  This  paper,  while  too 
long  to  be  abstracted,  is  nevertlieless  very  interesting,  because  the 
author  recognizes  the  limitations  of  averages.  On  page  10,  after 
giving  a table  of  the  average  rise  of  his  sublake,  he  states : 

Hince  the  table  was  built  up  from  averages,  we  must  not  expect 
it  to  em])hasize  special  variations,  for  the  grouping  of  averages 
resembles  the  grouping  of  ])ictures  in  composite  photography. 
The  combination  invariably  brings  out  class  likenesses  to  the 
exclusion  of  individual  features.  Thus  the  table  loses  sight  of  an 
extraordinary  year  like  1880 — full  of  plus  quantities — also  seasons 
of  drought,  like  1804  and  1805.  It,  hoAvever,  clearly  shows  that 
influx  has  a tendency  to  prevail  between  February  and  July,  in- 
elusive,  and  efflux  to  hold  the  mastery  during  the  remaining 
months  of  the  year. 

Though  this  pa]>er  does  not  fully  recognize  the  Avide  variation 
occurring  in  different  localities,  this  is  probably  not  due  to  OA^r- 
sight,  l)ut  merely  to  the  fact  that  the  author  was  discussing  a 
s})eciffc  case.  The  observations  recorded  Aveie  made  at  Bryn 
MaAvr,  Pa.  The  pa})er  is  valuable  and  Avell  Avorth  the  attention  of 
studenis  of  hydrology. 

Vermciile's  fonnuJas.  These  formulas  ai‘e  someAvhat  different 
from  those  ])reviously  considered.  iUr  Yermeule  claims  to  have 
discovered  a relation  betAveen  evaporation  and  mean  annual  tem- 
]>erature.  For  the  relation  betAveen  annual  eva])oration  and 
annual  ]>i*eci])itation  on  Sudbury,  ri'oton  and  Passaic  riAers  he 
giA^es  the  folloAving: 

F = 15.50  fO.lb  K,  (18) 

In  Avliich  E^^=the  annual  eva])oration  and  R ~ the  annual 
rainfall. 

In  the  original  ])ublication  of  thi-s  formula,  in  the  Report  of  the 
Geological  Survey  of  Xcav  Jersey,-  ]Mr  Yermeule  alloAved  for  other 
catchment  areas  an  increase  or  decrease  of  5 ])er  cent  from  values 

lOn  AA'aters  Avitliin  tlie  Earth  and  Laws  of  Rainflow,  liy  AA\  S.  Aiichin- 
closs,  C.  E.  Philadelphia,  1807. 

2 Report  on  Water  Supply,  Water  PoAver,  the  FIoav  of  Streams,  and 
Attendant  Phenomena,  by  C.  C.  Yermeule ; Final  Report  State  Geologist:  of 
X('w  .hM'sey,  Vol.  ITT.  Trenton,  1894. 
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given  for  evaporation  on  the  Sudbur}^,  Croton  and  Passaic  rivers* 
The  following  is  his  general  formula  for  all  streams : 

E =(15.50 + 0.16  K)  (0.05  T — 1.48)  (19) 

This,  however,  he  states  is  merely  a suggestion.  His  purpose 
is  to  deduce  laws  which  hold  for  the  State  of  New  Jersey  alone* 
In  these  formulas  the  evaporation  is  taken  to  include  all  the 
various  losses  of  water  to  which  a catchment  area  is  subject, 
including  direct  evaporation  as  well  as  water  absorbed  and 
transpired  by  plant  growth,  etc.  Hence, 

F (runoff)=R  — E.  (20) 

Mr  Vermeule  gives  the  following  formulas  for  the  Sudbury, 
Croton  and  Passaic  rivers : 

December-May,  E=4.20+0.12  R;  (21) 

June-November,  E=ll. 30+0.20  R.  (22) 

These  formulas  take  into  account  the  fact  that  evaporation  is- 
low  in  the  winter  months  and  high  during  the  summer. 

Mr  Vermeule  also  gives  the  following  formula  for  computings 
monthly  evaporation  from  the  monthly  rainfall  for  Sudbury, 
Croton  and  Passaic  catchment  areas : 


[e  = mouthly  evaporation;  r = inontlily  rainfall.] 


December 
January  . 
February 
March  ..  . 
April  . . . 

May 

June  .... 

July  

August  . . 
September 
October  . 
November 

Year 


e=  0.42+0.10  r j 
e=^  0.27+0.10  r ( 
e=  0.30+0.10  r | 
e==  0.48+0.10  r I 
e==  0.87+0.10  r { 
e=  1.87+0.20  r 
e=  2.50+0.2.5  r L2+, 
e=  3.00+0.30  r 
e=  2.62+0.26  r i 
e=  1.63+0.20  r | 
e=  0.88+0.12  r 
e=  0.66+0.10  r J 


e^l 5.50+0.16  r J 


To  obtain  the  monthly  evaporation  for  other  streams  the 
results  obtained  are  multiplied  by  the  following: 

(0.05  T— 1.48) 

In  which  T=mean  annual  temperature. 
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At  this  point  Mr  Vermeule  was  confronted  by  the  difficulty  of 
ground  storage.  In  regard  to  the  effect  of  this  it  may  be  men- 
tioned that,  with  rainfall  above  the  average  continuously  for  sev- 
eral years,  ground  water  may  be  expected  to  stand  above  its 
average  hight,  yielding  to  streams  the  maximum  flow  possible  to 
ground  water.  On  the  other  hand,  when  the  rainfall  is  below  the 
average  for  a number  of  years  ground-water  flow  will  be  lower, 
l>ecoming  less  and  less  as  the  rainfall  approaches  the  minimum. 
It  is  very  important  that  this  fact  be  taken  into  account,  because 
without  it  one  is  certain  to  fall  into  error.  The  formulas  for 
average  depletion  may  be  given  as  follows : 


dt  = di+e+f—r  ; 

(24) 

2 2 

(25) 

In  which  and  d2=depletion  at  end  of  previous  month  and 
for  the  month  under  consideration;  d=^average  depletion;  e and 
?'=monthly  evaporation  and  monthly  rainfall,  respectively,  and 
/^computed  monthly  flow. 

The  foregoing  does  not  fully  express  the  use  of  these  formulas, 
but  as  all  that  is  wanted  at  this  time  is  an  illustration  of  methods, 
this  brief  account  may  be  deemed  sufficient. 

Mr  Vermeule  gives  a diagram  showing  ground  flow  for  the  sev- 
eral different  streams  mentioned  for  a given  depletion,  which  is 
to  be  used  in  conjunction  with  the  foregoing  formulas.  In  his 
opinion  the  diagrams  present  advantages  over  a ground-flow 
formula  with  varying  constants  and  coefficients  for  different 
streams,  being  more  readily  compared  and  insuring  greater  accu- 
racy. Later,  in  his  Report  on  Forests,^  Mr  Vermeule  modifies  his 
formula,  as  follows : 

E=(ll+0.29  R)  M.  (2G) 

In  which  E=eva])oration,  R=rainfall,  and  M is  a factor  de- 
pending upon  the  mean  temperature  of  the  atmosphere.  The 
writer  understands  Mr  Vermeule  to  say  that  this  is  also  an 
expression  for  annual  evaporation. 

1 Report  on  Forests,  by  C.  C.  Vermeule:  Ann.  Kept.  State  Geologist  New 
Jersey  for  year  1899.  Trenton,  1900. 
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Values  of  M for  given  mean  annual  temperatures  are  as  follows: 

40°,  0.77;  41°,  0.79;  42°,  0.82;  43°,  0.85;  44°,  0.88;  45°,  0.91^ 
4G°,  0.94;  47°,  0.97;  48°,  1;  49°,  1.03;  50°,  1.07;  51°,  1.10;  52°, 
1.14;  53°,  1.18;  54°,  1.22;  55°,  1.20  ; 50°,  1.30;  57°,  1.34;  58°,  1.39; 
59°,  1.43;  00°,  1.47;  01°,  1.51. 

In  a table  on  page  149  of  the  Eeport  on  Forests  Mr  A^ermeule 
compares  observed  annual  evaporation  with  computed  annual 
evaporation.  The  following  are  some  of  the  differences  which 
appear : 

On  the  Genesee  river  the  observed  annual  evaporation  is  27.2 
inches;  computed  annual  eva])oration,  20.0  inches;  the  observed 
annual  evaj)oration,  therefore,  is  0.0  inches,  or  32  per  cent, 
greater  than  the  eslimated  annual  eva])oration.  On  the  Mus- 
conetcong  river  the  observed,  as  c()mj)ared  Avith  the  computed 
evaporation,  is  13  per  cent  less;  on  the  I*e(|uest  it  is  17  per  cent 
less;  on  the  Paulinskill  it  is  14  ]>er  cent  less;  on  the  Tohickon,  32 
j>er  cent  less;  on  the  Neshaminy,  10  per  cent  less;  on  the  Ferkio- 
men,  17  per  cent  less;  on  the  I)es])laines,  21  per  cent  greater;  on 
the  Kansas,  15  per  cent  greater;  on  the  Upper  Hudson,  10  per 
cent  greater;  on  Hemlock  lake,  18  per  cent  less;  on  the  Potomac, 
17  per  cent  less;  on  the  Savannah,  13  per  cent  less.  For  the  rest 
of  the  streams  cited  in  the  table  the  agreement  is  closer  than  this. 

The  observed  annual  evaporation  is  32  per  cent  greater  than 
tlie  computed  annual  evaporation  on  Ihe  Genesee  river  and  32  per 
cent  less  on  Tohickon  creek — a range  of  04  per  cent.  SomeAvhat 
similar  differences  are  found  on  other  streams  where  the  gagings 
are  ap])roximately  right.  As  to  the  gagings  referred  to  in  the 
Report  on  Forests,  the  writer  Avill  shoAV  farther  on  in  this  paper 
that  gagings  of  the  Genesee  and  Hudson  riA^ers  are,  on  the  Avhole, 
})robabl3^  the  best  thus  far  made  in  the  United  States.  Tohickon, 
Keshaniiny  and  Perkiomen  creeks  haAT^  been  gaged  by  Francis 
Aveirs,  and  are,  Avith  the  exception  of  Tohickon,  considered  approx- 
imately right.  The  difficulty  here  is  ])robably  in  the  flood  flows. 
The  Avriter  understands  that  IMr  Vermeule  used'  the  Francis 
formula  for  a sharp-crested  Aveir.  The  gagings  of  Sudbury, 
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Cochituate  and  Mystic  rivers  have  been  deduced,  it  is  believed,  by 
Mr  Francis’s^forninla  for  the  Merrinuic  dam.  As  to  the  Desplaines 
river,  a discharge  curve  determined  by  current  meter  has,  it  is 
believed,  been  applied.^  The  English  streams  cited.  Lea,  Wandle, 
Thames,  etc.  have  probably  been  gaged  by  a sharp-crested  weir, 
and  the  others  mostly  by  the  current  meter  and  a rating  table. 

Russell’s  formulas.  Mr  Thomas  RusselP  gives  the  following 
formulas  for  the  runoff  of  the  Ohio,  Upper  Mississippi,  and  Upper 
and  Middle  Missouri  valleys,  in  terms  of  the  annual  rainfall.  For 
the  Ohio  river  the  formula  is  as  follows : 

0^=0.600+0.95  R— 0.90  R (0.975  e— 0.421  eU0.62G  U).  (27) 

For  the  Upper  Mississippi  it  is : 

0=0.50+0.93  R— 0.88  R (1.131  c— 0.383  U).  (28) 

For  the  Upper  and  Middle  Missouri  it  is : 

0=0.12+0.98  R— 0.93  R (0.91  e— 0.220  eUO.009  e).  (29) 

In  these  formulas  R is  the  rainfall  for  the  month  in  cubic  miles ; 
e is  the  quantity  of  water  required  to  saturate  the  air  at  any  time, 
equal  to  the  difference  between  what  the  air  contains  and  the 
amount  if  it  was  saturated ; and  O is  the  ( utflow  or  runoff. 

These  formulas  are  interesting  in  the  present  connection, 
because  they  recognize  the  fact  that  every  stream  must  have  its 
own  formula.  The  variation  in  runoff  on  the  Ohio,  Mississippi 
and  Missouri  rivers  will  be  observed  on  inspection  of  the  formulas. 
Like  all  formulas  of  this  class  they  are  subject  to  considerable 
variation.  In  the  month  of  October,  1881,  the  computed  outflow 
of  the  Missouri  river  was  4.9  cuibic  miles  and  the  observed  flow 
Avas  l.G  cubic  miles,  a difference  of  3.3  cubic  miles. 

Relation  heticeen  catchment  area  and  maximum , minimum  and 
mean  runoff.  It  is  quite  common  for  hydrologists  to  assume  that 
there  is  a relation  beUveen  catchment  area  and  maximum,  mini- 
mum and  mean  runoff,  the  general  proposition  being  that  mean 

1 Data  Pertaining  to  Rainfall  and  Stream  F1oaa%  by  Thomas  T.  .Tolmston: 
Jour.  Western  Soc.  Engrs.,  Vol.  I,  No.  3,  June,  189G. 

2 Rainfall  and  River  OutfloAv  in  the  Mississippi  Valley,  by  Thomas  Rus- 
sell: Ann.  Rept.  Chief  Signal  Officer  for  the  year  1889,  Part  I.  Appendix  14. 
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annual  runoff  varies  inversely  as  the  size  of  the  catchment,  and 
that  maximum  runoff,  or  ffood  flow,  varies  directly  as  the  size  of 
the  catchment. 

In  order  to  gain  some  idea  as  to  the  applicability  of  this  propo- 
sition, the  rdsume  of  discharge  data,  in  the  Twentieth  Annual 
Keport  of  the  United  States  Geological  Survey,  pages  46-64,  has 
been  examined.  This  table  includes  about  225  streams  in  various 
portions  of  the  United  States,  with  records  ranging  from  18  to 
20  years  in  length  to  1 year.  A few  of  the  best-known  streams — 
as,  for  instance,  the  Croton  and  Sudbury — are  not  given  in  detail, 
although  the  large  number  included  in  this  table,  it  is  believed, 
is  sufficient  to  settle  definitely  this  question.  Only  a very  few-  of 
the  results  will  be  referred  to  here. 

In  the  first  place,  it  appears  certain  that  with  equal  rainfall 
there  is  no  very  definite  relation  between  size  of  catchment  area 
and  mean  annual  runoff.  For  instance,  the  Kennebec,  at  Water- 
ville.  Me.,  with  a catchment  area  of  4410  square  miles,  has  a mean 
annual  runoff  for  6 years  of  22.4  inches.  The  Cobbosseecontee,  at 
Gardner,  Me.,  with  a catchment  area  of  230  square  miles,  has  a 
mean  annual  runoff  for  0 years  of  18.5  inches.  The  Androscog- 
gin, at  Rumford  Falls,  Me.,  with  a catchment  area  of  2220  square 
miles,  has  for  6 years  a mean  annual  runoff  of  24.2  inches.  The 
Uresumpscot,  at  Sebago  Lake,  Me.,  with  a catchment  of  470  square 
miles,  has  a mean  annual  runoff  for  11  years  of  21  inches.  The 
jMerrimac,  at  Lawrence,  Mass.,  with  a catchment  area  of  4553 
square  miles,  has  a mean  annual  runoff  for  9 years  of  21.3  inches. 
Aside  from  the  Androscoggin  river  these  five  streams  support  the 
proposition  that  the  runoff  varies  in  some  degree  directly  as  the 
catchment  area  instead  of  inversely. 

As  to  the  maximum  runoff,  or  fiood  flow,  there  is  apparently 
some  slight  relation,  although  even  this  is  less  definite  than  has 
usually  been  assumed. 

As  to  the  minimum  runoff,  there  is  apparently  no  relation, 
extremely  small  flows  happening  on  large  streams  as  well  as  on 
the  smallest.  There  is,  however,  much  more  definitely  a relation 
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between  the  runoff  and  the  rainfall,  runolf  increasing  as  rainfall 
increases,  and  conversely. 

As  regards  the  division  of  streams  into  classes  in  proportion  to 
size  of  catchment  area,  it  appears,  therefore,  that  aside  from 
floods  one  is  not,  on  present  information,  justified  in  such  classi- 
fication, and  even  in  cases  of  floods  it  is  quite  probable  that  there 
are  other  cousideratious  of  such  importance  as  to  render  a 
classification  of  this  character  inexpedient. 

Since  there  is  no  very  definite  relation  between  size  of  catch- 
ment and  runoff  there  is  no  reason  why  comparison  may  not  be 
made  of  streams  having  such  large  difference  in  size  of  catchment. 
For  some  streams,  as  for  instance,  Pequannock  river,  where  the 
slopes  are  very  steep,  the  runofi:  is  somewhat  higher  than  it  would 
be  with  other  conditions  the  same,  but  with  flatter  slopes.  But 
generall}'  the  degree  of  forestation  and  other  elements  exercise  so 
much  moi'e  important  an  influence  that  a comparison,  without 
regard  to  size  of  catchment  area,  may  be  legitimately  made. 
Nevertheless,  this  proposition  is  possibly  debatable,  and  for  the 
])resent  the  conclusions  drawn  are  tentative  merel^L 

The  extreme  low-water  periotl.  Tn  the  discussion  of  the  streams 
the  writer  has  given  the  low  water  of  the  minimum  year,  but  this 
does  not  usually  include  the  extreme  low-water  period,  which  is  in 
almost  every  case  much  more  than  one  year.  Space  will  not  be 
taken  to  show  the  extreme  low-water  periods  of  all  the  streams. 
It  is  considered  that  illustrations  from  Muskingum  and  Genesee 
rivers  are  sufficient. 

On  the  Muskingum  river  three  low-wate'r  periods  have  occurred 
during  the  time  covered  by  the  gagings.  The  first  was  from 
December,  1887,  to  November,  1889,  inclusive,  a period  of  twenty- 
four  months,  during  which  the  total  runoff  was  18.55  inches,  or 
if  we  assume  a reservoir  on  said  stream  of  20  square  miles  water 
surface,  the  total  net  runoff  becomes  18.15  inches.  The  computa- 
tions of  evaporation,  etc.  for  such  a reservoir,  neglecting  variation 
in  water  surface,  are  as  follows.  Assume  an  annual  evaporation 
of  40  inches  and  with  distribution  for  the  several  months  as  per 
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colimiii  (1)  ill  the  following  tabulation.  Since  the  water  surface 
area  is  20  square  miles,  it  becomes  20/5828  of  the  Avhole,  or  1/292. 
Hence  water  surface  evaporation  is  1/292  or  40  inches,  and  mak- 
ing the  com])iitation  for  each  month,  we  have  the  quantities  as 
per  column  ( 2 ) : 


Total  evaporation  and  evaporation  per  square  mile  of  water  surface  in 

Muskingum  basin 


Month 

(1) 

Total 

evapora- 

tion 

Evapora- 

tion 

per  square 
mile  of 
water  sur- 
face 

Januarv  

1.00 

0.0034 

Februarv  

1.10 

.0037 

March  

1.70 

.0058 

April  

3.00 

.01029 

Mav  

4.60 

.01578 

June 

.01938 

Julv  

6.10 

.02092 

.01921 

August  

5.60 

September 

4.15 

.01423 

October 

3.35 

.01149 

November 

2.25 

.00772 

December  

1.50 

.00514 

40.00 

With  some  allowance  foT  percolation,  leakage,  etc.  the  total  is 
taken  at  0.40  of  an  inch  per  year.  Analyzing  the  first  period,  we 
find  that  for  24  months  there  was  an  average  flow  of  0.76  inch 
per  month,  for  12  months  an  average  flow  of  0.67  inch,  and  for 
9 months  an  aveTage  flow  of  0.43  inch. 

The  second  low-water  period  was  from  May,  1891,  to  January, 
1893,  inclusive,  a period  of  21  months,  during  which  time  the  net 
runoff  was  17.2  inches,  yielding  for  the  whole  21  months  an  aver- 
age of  0.82  inch  and  for  7 months  an  average  of  0.36  inch. 

The  most  extreme  low-water  period  was  from  April,  1894,  to 
November,  1895,  inclusive,  a period  of  20  months,  during  which 
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time  the  net  runoff  did  not  exceed  under  the  assumed  conditions 
7.09  inches.  The  average  runoff’  for  20  months  was  0.354  inch  and 
for  7 months  0.110  inch. 

On  Genesee  river  there  have  been  two  low-water  periods  during 
the  time  covered  by  the  gagings.  The  first  was  from  June,  1894, 
to  February,  1896,  a period  of  21  months,  during  which  time  there 
was  a gross  runoff  of  13.02  inches.  Evaporation  has  been  com- 
puted for  a proposed  reservoir  of  12.4  square  miles  water-surface 
area,  with  allowance  for  actual  hight  of  water  during  the  differ- 
ent months.  On  this  basis  and  with  a small  allowance  for  per- 
colation, leakage,  etc.  the  total  evaporation  loss  for  the  21  months 
becomes  0.65  inch,  leaving  a net  runoff  of  12.37  inches.  The  aver- 
age runoff  for  21  months  was  0.59  inch,  or,  if  we  assume  1.43 
inches  left  in  reservoir  at  end  of  period,  the  average  allowable 
runoff  becomes  0.52  inch.  For  10  months,  with  some  allowance, 
the  average  runoff  is  0.30  inch  and  for  7 months  0.10  inch. 

The  second  period  was  from  June,  1896,  to  December,  1897,  a 
period  of  19  months,  during  which  time  the  net  runoff  was  13.24 
inches.  The  average  runoff  for  19  months,  with  1.24  inches  left 
in  reservoir  at  end  of  the  period,  was  0.63  inch;  for  8 months,  0.31 
inch,  and  for  6 months,  0.17  inch.  These  figures,  without  being 
exhaustive,  show  that  the  Genesee  river  is  a somewhat  better 
water  yielder  than  the  jMuskingum  river.  The  relation  of  the 
rainfalls  is  shown  in  the  tables. 

A large  number  of  other  interesting  and  valuable  tabulations 
could  be  drawn  from  these  data,  specially  those  relating  to 
storage.  In  any  case,  enough  has  been  said  to  sustain  the  state- 
ment that  streams  vary,  not  only  as  regards  their  total  capability 
of  yielding  water,  but  as  regards  their  distribution.  In  order  to 
develop  a stream  to  its  maximum  capacity  for  either  water  power 
or  municipal  purposes,  it  is  absolutely  indispensable  to  have  a 
series  of  carefully  prepared  gagings.  Lacking  these,  there  should 
be  gathered  as  long  a rainfall  record  as  possible,  from  which,  by 
comparison,  the  approximate  runoff  of  the  stream  may  be  com- 
puted. A carefully  taken  series  of  gagings  is,  however,  in  every 
way  preferable. 


130 


NEW  YORK  STATE  MUSEUM 


We  may  consider  the  following  data  from  the  Hudson  and 
Genesee  rivers : 

Rainfall^  runoff^  evaporation  and  variation  from  the  mean  on 

HUDSON  AND  GENESEE  RIVERS 

Hudson  river 


Year 

Rainfall 

Variation 
from  mean 

Runoff 

Variation 
from  mean 

Evapo- 

ration 

Variation 
from  mean 

1888  

..  43.92 

—1.02 

23.64 

—0.34 

20.28 

—0.68 

1889  

..  42.96 

—1.98 

21.71 

—2.27 

21.25 

+0.29 

1890  

. . 50.35 

+5.41 

28.56 

+4.58 

21.79 

+0.83 

1891 

. . 42.96 

—1.98 

20.56 

—3.42 

22.40 

+1.44 

1892  

..  53.87 

+8.93 

33.08 

+9.10 

20.79 

—0.17 

1893  

. . 42.18 

—2.76 

21.91 

—2.07 

20.27 

—0.69 

1894  

..  41.37 

— 3 . 57 

19.37 

—4.61 

22.00 

+1.04 

1895  

. . 36.67 

—8.27 

17.46 

—6.52 

19.21 

—1.75 

189G 

. . 45.21 

+0.27 

23.63 

—0.35 

21.58 

+0.62 

1897  

. . 46.51 

+1.57 

26.19 

+2.21 

20.32 

—0.64 

1898  

. . 48.30 

4 3 . 36 

27.65 

+3.67 

20.65 

—0.31 

Afean  . . 

. . 44.94 

—19.58 

23.98 

—19.58 

20.96 

—4.24 

+19.54 

+19.56 

+4.22 

—0.04 

—0.02 

—0.02 

Genesee  river 

Year 

Rainfall 

Variation 
from  mean 

Runoff 

Variation 
from  mean 

Evapo- 

ration 

Variation 
from  mean 

1890  

. . 47.54 

+7.21 

21.22 

+7.06 

26.32 

+0.14 

1891 

..  38.12 

2.21 

14.05 

—0.11 

24.07 

—2.11 

1892  

. . 41.69 

+1.36 

15.42 

+1.26 

26.27 

+0.09 

1893  

—1.03 

13.35 

—0.81 

25.95 

—0.23 

1894  

. . 47.79 

+7.46 

19.38 

+5.22 

28.41 

+2.23 

1895  

..  31.00 

—9.33 

6.67 

—7.49 

24.33 

—1.85 

1896  

. . 40.68 

+0.35 

12.80 

—1.36 

27.88 

+1.70 

1897  

..  34.39 

—5.94 

9.38 

—4.78 

25.01 

—1.17 

1898  

. . 42.50 

+2.17 

15.13 

+0.97 

27.37 

+1.19 

Mean  . . 

..  40.33 

+18.55 

14.16 

—14.55 

26.18 

— 5.3G 

—18.51 

+14.51 

+5.35 

—0.04 


+0.04 


—0.01 
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On  comparing  these  two  streams,  as  per-  the  foregoing  tabula- 
tion, it  appears  that  the  water  yields  are  quite  different.  In 
searching  for  a reason  for  the  difference  which  appears,  the 
writer  assigns  as  a principal  cause  the  difference  in  forestation, 
the  Hudson  area  being  still  largely  in  forest,  while  the  Genesee 
is  almost  totally  deforested  and  under  cultivation,  either  for  grain 
farming  or  grazing. 

By  way  of  still  better  comparing  the  rainfall,  runoff  and 
evaporation  of  these  two  catchment  areas  the  following  tabulation 
has  been  prepared : 


Comparison  of  rainfalls,  Hudson  and  genesbe  rivers 


Rainfall  Rainfall 
of  Hudson  of  Genesee 

Year  area  area  Difference 

1890  50.35  47.54  +2.81 

1891  42.96  38.12  +4.84 

1892  63.87  41.69  +12.18 

1893  , 42.18  39.30  +2.88 

1894  41.37  47.79  —6.42 

1895  36.67  31.00  +5.67 

1896  45.21  40.68  +4.63 

1897  46.51  34.39  +12.12 

1898  48.30  42.50  +5.80 


Mean  45.27  40.33  +4.94 


COMPAEISON  OF  RUNOFFS,  HUDSON  AND  GENESEE  RIVERS 

Runoff  Runoff 
of  Hudson  of  Genesee 


area  area  Difference 

1890  28.56  21.22  +7.34 

1891  20.56  14.05  +6.51 

1892  33.08  15.42  +17.66 

1893  21.91  13.35  +8.56 

1894  19.37  19.38  _0.01 

1895  17.46  6.67  +10.79 


23.63  12.80  +10.83 
26.19  9.38  +16.81 
27.65  15.13  +12.52 


Mean 


24.27  14.16  -flO.ll 
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COMl* *AUISOX  OF  EVAPORATIONS,  HUDSON  AND  GENESEE  RIVERS' 


Evaporation  Evaporation 
of  Hudson  of  Genesee 

area  area  Difference' 

1S90  21.79  26.32  —4.53: 

1891  22.40  24.07  —1.67 

1892  20.79  26.27  —5.48 

1893  20.27  25.95  —5.68 

1894  22.00  28.41  —6.41 

1895  19.21  24.33  —5.12 

1896  21.58  27.88  —6.30 

1897  20.32  25.01  —4.69 

1898  20.65  27.37  —6.72 

Mean  21.00  26.18  —5.18 


It  will  be  noticed  that  in  the  best  of  the  two  preceding  tabula- 
tions for  the  Hudson  river,  there  are  eleven  years  included  and 
that  the  average  of  the  rainfall  is  44.94  inches;  the  average  runoff 
is  23.98  inches,  and  the  average  evajtoration  is  20.96  inches.  The 
Genesee  river,  on  the  contrary,  only  includes  nine  years,  from 
1890  to  1898,  inclusive. 

In  the  second  tabulation  the  years  1890-1898,  inclusive,  have  been 
taken  for  not  only  the  Hudson  river,  but  also  for  the  Genesee,  for 
purposes  of  comparison.  The  taking  of  the  Hudson  river  for 
nine  years  instead  of  eleven  makes  a slight  difference  in  the  means. 
The  rainfall  is  45.27  inches;  the  runoff,  24.27  inches,  and  the 
evaporation,  21  inches.  The  Hudson  river  table  is  not  worked 
up  to  date,  although  the  data  are  at  hand,  for  the  reason  that  the 
Genesee  river  data  do  not  extend  beyond  the  year  1898.  There  is 
no  way,  therefore,  of  comparing  the  two  since  that  year.^ 

Variation  in  weir  measurements.  The  writer  has  shown^  the 
considerable  variation  in  weir  measurements  due  to  the  difference 
in  form  of  weir  alone.  So  great  are  these  that  any  conclusions 
based  upon  the  data  of  sharp-crested  weirs  applied  to  other  forms 

^Partially  abstracted  from  paper,  Data  of  Stream  Flow  in  Relation  to 
Forests,  by  Geo.  W.  Rafter.  Lecture  before  engineering  classes  of  Cor. 
Uni.,  Ap.  14,  1899.  Trans.  Assn,  of  Civ.  Engrs.  of  Cor.  Uni.,  Vol.  VII,  1899. 

*On  the  Flow  of  Water  over  Dams:  Trans.  Am.  Soc.  G.  E.,  Vol.  XDIV, 
p.  220. 
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are  extremely  unsatisfactory.  In  one  case  of  a flat-crested  weir, 
the  flow  at  a given  depth  is  only  75  per  cent  of  what  it  is  over  a 
sharp-crested  weir.  Variations  of  from  5 per  cent  to  20  per  cent 
are  common,  as  may  be  easily  observed  by  examining  the  tables  in 
the  })ai)er  on  the  flow  of  water  over  daims.^ 

In  view  of  the  importance  which  gagings  are  now  shown  to  bear 
in  estimating  the  value  of  a stream  for  water  power  or  city 
water  supply,  in  future  every  statement  of  stream  flow  should 
be  accompanied  by  a concise  statement  of  the  method  of  gaging 
used,  thus  permitting  hydrologists  to  judge  of  the  general  relia- 
bility of  the  method.  Had  this  been  done  in  the  past,  some  of 
the  uncertainty  which  now  attaches  to  many  gaging  records 
would  undoubtedly  be  removed. 

Genesee  and  Hndson  gagings  reduced  to  sharp-crested  weir 
measm'ements.  The  writer  has  shown  in  another  place  that  Gen- 
esee river  gagings  have  been  reduced  to  sharp-crested  weir  meas- 
urements. As  to  the  Hudson  gagings,  pi.  CXXVII  in  the  Report 
to  the  United  States  Board  of  Engineers  on  Deep  Waterways,  may 
be  cited.  This  plate  is  a comparison  of  the  discharge  over  weirs 
by  different  formulas,  and  it  appears  from  it  that  Mullins’s  for- 
mula for  a flat-crested  weir,  which  has  been  used  for  the  Upper 
Hudson  gagings,  at  a depth  of  4 feet  gives  results  less  than  Fran- 
cis’s formula  for  a sharp-crested  weir  by  about  10  per  cent.  How- 
ever, in  order  to  simplify  the  computation  and  to  avoid  velocity 
of  approach,  the  width  of  the  crest  was  taken  at  5 feet.  Again, 
the  crest  at  Mechanicville  is  not  flat,  but  is  slightly  sloping  back- 
ward. The  sloping  front  probably  affects  the  flow  to  increase  it 
somewhat.  There  are  also  flashboards  used  during  low  water, 
which  are  properly  computed  by  Francis’s  formula  for  a sharp- 
crested  weir.  These  several  elements  undoubtedly  make  the 
problem  somewhat  complicated,  but  taking  everything  into 
account  it  is  probable  that  the  results  as  computed  are  not  far 
from  right.  They  may,  however,  be  in  error  as  much  as  2 inches 
per  year.2 


the  Flow  of  Waters  over  Dams;  loc.  cit'. 

%See  the  diagi-ams  of  Hndson  and  Genesee  rivers  on  this  point. 
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As  regards  the  relation  between  mean  annual  temperature  and 
evaporation,  the  questions  raised  by  Mr  Yermeule  are  very  inter- 
esting and  have  received  considerable  study  from  the  writer  ever 
since  the  publication  of  Mr  Vermeule’s  report  in  1894.  This  study 
has  been  specially  directed  toward  determining  whether  there  was 
any  w^ay  of  showing  by  diagrams,  definitely,  that  any  such  relation 
really  existed. 


FitzGerald’s  formula  for  evaporation.  We  may  consider  Mr 
FitzGerald’s  formula  for  evaporation,^  which  is 


In  this  formula  V==the  maximum  force  of  vapor  in  inches  of 
mercury  corresponding  to  the  temperature  of  the  water;  r=the 
force  of  vapor  present  in  the  air;  W=the  velocity  of  the  wind  in 
miles  per  hour;  and  E— the  evaporation  in  inches  of  depth  per 
liour.  It  can  be  shown  that  there  is  going  on  nearly  always  a 
condensation  of  moisture  from  the  air  upon  any  water  surface. 
At  the  same  time  there  is  going  on  a loss  of  moisture  from  the 
water  surface  by  evaporation.  The  intensity  of  both  these  opera- 
tions depends  upon  the  difference  in  temperature  between  the  air 
and  any  water  surface  wdth  which  it  may  be  in  contact.  When 
tlie  temperature  of  air  and  winter  is  the  same,  theoretically  both 
processes  stop.  Broadly,  evaporation  may  be  said  to  measure  the 
difference  of  these  two  exchanges.  Wind  velocity  also  exerts  a 
decided  effect  on  the  intensity  of  evaporation. 

For  illustrative  purposes,  v,  tlie  force  of  vapor  present  in  the  air 
nun'  be  computed  by  the  following: 


In  wdiich  t*=force  of  vapor  in  the  air  at  time  of  observation; 


y—force  of  vapor  in  a saturated  air  at  temperature 
oft'; 

tr=temperature  of  the  air  in  Fahrenheit  degrees,  in- 
dicated by  the  dry  bulb; 

t'~temperature  of  evaporation  given  by  w'et  bulb ; 
7i=hight  of  barometer. 


Evaporation 


60 


(30) 


1130— 


(31) 


^Trans.  Am.  Soc.  C.  E.,  Vol.  XV,  pp.  581-646. 
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Tlie  teiiiiporatiires  indicated  by  the  foregoing  formula  (31)  are 
above  the  freezing  point.  For  temperatures  below  the  freezing 
})()int,  the  denominator  of  the  fraction  in  the  second  menrber  of 
the  formula  should  be  1240.2—//.  For  Centigrade  degrees,  the 
denominator  of  the  fraction  should  be,  when  the  temperature  of 
tlie  dry  bulb  is  above  the  freezing  point,  610 — and  when  the 
temperature  of  the  wet  bulb  is  below  the  freezing  point,  the  bulb 
being  covered  by  a film  of  ice,  the  denominator  should  be  689 — V?- 

There  is  no  difference  between  evaporation  from  a water  surface 
and  evaporation  from  land,  except  that  on  a water  surface  it  goes 
on  continuously,  while  on  land  evaporation  may  be  interrupted 
from  lack  of  something  to  evaporate.  The  preceding  formul? 
shows  that  the  force  of  vapor  is  dependent  upoin  the  difference  of 
the  dry  and  wet  bulb  thermometers,  and  not  in  any  degree  upor 
the  mean  annual  temperature. 

Evaporation  relations.  Prof.  Cleveland  Aibbe^  gives  the  follow- 
ing relations  of  evaporation,  as  established  by  Prof.  Thomas  Tate : 

a)  Other  things  being  the  same,  the  rate  of  evaporation  is 
nearly  proportional  to  the  difference  of  the  temperatures  indi- 
cated by  the  wet-bulb  and  dry-bulb  thermometers. 

b)  Other  things  being  the  same,  the  augmentation  of  evapora- 
tion due  to  air  in  motion  is  nearly  proportional  to  the  velocity  of 
the  wind. 

c)  Other  things  being  the  same,  the  evaporation  is  nearly  in- 
verseh’  proportional  to  the  pressure  of  the  atmosphere. 


^In  the  original  discussion  of  this  matter,  in  paper  on  Relation  of  Rain- 
fall to  Runoff,  there  is  an  error  of  statement  in  formnla  (31).  The  de- 
nominator of  the  second  member  should  he  1130. — t',  instead  of  G89 — t'. 
The  former  expression  is  for  Fahrenheit  degi-ees,  while  the  latter  is  for 
Centigrade  degrees,  and  with  the  bnlb  covered  by  a film  of  ice. 

In  formula  (30),  it  will  be  noted  that  Mr.  FitzGerald  makes  V the  maxi- 
mum force  of  vapor  in  inches  of  mercury  corresponding  to  the  temperature 
of  the  water.  Recent  study  of  this  matter  indicates  that  there  is  considerable 
doubt  whether  formula  (31)  strictly  applies  in  the  computation  of  V,  but 
since  for  present  purposes  an  illustration  of  the  matter  is  all  that  is  needed, 
it  is  not  attempted  to  settle  these  difficult  questions  in  physics  here. 

-Preparatory  Studies  for  Deductive  Methods  in  Storm  and  Weather  Pre- 
dictions, by  Prof.  Cleveland  Abbe : Ann.  Rept.  Chief  Signal  Officer  for  1889, 
Part  I,  Appendix  15. 
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(1)  The  rale  of  eva])oratioii  of  luoistuTe  from  da  mi),  porous  sub- 
stances of  the  same  material  is  proportional  to  the  extent  of  the 
surface  presented  to  the  air,  without  regard  to  the  relative  thick- 
ness of  the  substances. 

e)  The  rate  of  evaporation  from  dilferent  substances  mainly 
depends  upon  the  roughness  of,  or  inequalities  on,  their  surfaces, 
the  evaporation  going  on  most  rapidly  from  the  roughest  or  most 
uneven  surfaces;  in  fact,  the  best  radiators  are  the  best  vaporizers 
of  moisture. 

f)  The  evaporation  from  equal  surfaces  composed  of  the  same 
material  is  the  same,  or  very  nearly  the  same,  in  a quiescent  atmos- 
phere, whatever  may  be  the  inclination  of  the  surfaces : thus  a 
horizontal  plate  with  its  damp  face  upward  evaporates  as  much 
as  one  with  its  damp  face  downward. 

g)  The  rate  of  evaporation  from  a damp  surface  (namely,  a 
horizontal  surface  facing  upward)  is  very  much  affected  by  the 
elevation  at  which  the  surface  is  placed  above  the  ground. 

h)  The  rate  of  evaporation  is  affected  by  the  radiation  of  sur- 
rounding bodies. 

i)  The  diffusion  of  vapor  from  a damp  surface  through  a 
variable  column  of  air  varies  (approximately)  in  the  inverse  ratio 
of  the  depth  of  the  column,  the  temperature  being  constant. 

j)  The  amount  of  vapor  diffused  varies  directly  as  the  tension 
of  the  vapor  at  a given  temperature,  and  inversely  as  the  depth 
of  the  column  of  air  through  which  the  vapor  has  to  pass. 

k)  The  time  in  which  a given  volume  of  dry  air  becomes  sat- 
urated with  vapor,  or  saturated  within  a given  percentage,  is 
nearly  independent  of  the  temperature  if  the  source  of  vapor  is 
constant. 

l)  The  times  in  which  different  volumes  of  dry  air  become  sat- 
urated with  watery  vapor,  or  saturated  within  a given  per  cent, 
are  nearly  proportional  to  the  volumes. 

m)  The  vapor  already  formed  diffiises  itself  in  the  atmosphere 
much  more  rapidly  than  it  is  formed  from  the  surface  of  the 
water.  (This  assumes,  of  course,  that  there  are  no  convection 
currents  of  air  to  affect  the  evcaporation  or  the  diffusion.) 

Effect  of  ivind  and  other  meteorological  elements.  That  the 
velocity  of  the  wind  must  have  a very  material  effect  upon  evap- 
oration, and  hence  upon  the  runoff  of  streams,  is  at  once  apparent 
on  inspection  of  Mr  FitzGerald’s  evaporation  formula,  given  in  a 
preceding  section.  Again,  on  examining  the  annual  summaries 
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iu  the  report  of  the  Chief  of  the  Weather  Bureau  the  average  yearly 
velocity  of  wind  is  found  to  vary  from  about  3 miles  to  16  or  18 
niiles.  With  other  conditions  the  same,  evaporation  will  be  much 
larger  with  a higher  wind  velocity. 

The  preceding  summary  of  evaporation  relations  further  shows 
that  evaporation  Avill  vary  in  some  degree  in  proportion  to 
pressure,  temperature,  moisture — which  may  be  taken  to  include 
dewpoint,  relative  humidity,  vapor  pressure,  precipitation,  and 
cloudiness — rand,  finally,  in  proportion  to  average  velocity  of  the 
wind.  It  may  also  be  expected  to  vary  in  some  d'egree  in  propor- 
tion to  electrical  phenomena — thunderstorms,  auroras,  etc. — but 
as  yet  we  know  so  little  about  these  that  they  can  be  no  more 
than  mentioned.  The  writer,  however,  believes  that  studies  in  the 
direction  here  indicated  would  be  very  prolific  of  results.  For 
this  purpose  two  or  three  stations,  observing  all  the  elements 
herein  enumerated,  should  be  established  in  each  catchment  area. 

In  the  present  study  an  attempt  has  been  made  to  correlate 
these  elements  with  the  runoff,  but,  aside  from  the  rainfall,  the 
data  are  too  indefinite  for  satisfactory  results.  It  is  for  these 
reasons,  with  others,  that  the  writer  is  able  to  give  only  tentative 
conclusions  in  regard  to  the  relation  of  rainfall  to  the  runoff  of 
streams. 

Persistency  of  evaporation.  The  persistency  of  the  amount  of 
evaporation  for  any  given  str'cam  at  about  the  same  figure  through 
long  periods  of  time  was  first  pointed  out  by  Messrs.  Lawes,  Gil- 
bert, and  Warrington  in  their  classical  paper  On  the  Amount  and 
Composition  of  Rain  and  Drainage  Waters  Collected  at  Rothamp- 
sted,  published  in  the  Journal  of  the  Royal  Agricultural  Society 
of  England  for  1881.  As  to  why  evaporation  exhibits  such  per- 
sistency these  distinguished  authors  consider  it  largely  due  to  the 
fact  that  the  two  principal  conditions  which  determine  large 
evaporation — namely,  excessive  heat  and  abundant  rain — very 
rarely  occur  together.  Tlie  result  is,  specially  in  the  English 
climate,  a balance  of  conditions  unfavorable  to  large  evaporation. 
In  a wet  season,  when  the  soil  is  kept  well  supplied  with  .water. 
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there  is  at  the  same  time  an  atmosphere  more  or  less  saturated, 
with  an  absence  of  sunshine;  while  in  dry  seasons  the  scarcity  of 
rain  results  in  great  dryness  of  the  soil,  with  scant,  slow  evapora- 
tion.i 

Negative  evaporation.  In  a strictly  scientific  sense  this  term  is 
taken  to  mean  that  when  the  temperature  of  the  evaporating  sur- 
face is  lower  than  the  dewpoint,  water  is  deposited  on  that  sur- 
face. As  regards  the  rainfall,  runoff,  and  evaporation  tables, 
herewith  included,  negative  evaporation  means  that  the  runoff 
for  certain  months  is  greater  than  the  rainfall.  Sometimes  this 
may  legitimately  happen  when  a heavy  rainfall  comes  at  the  end 
of  the  month,  or  when,  with  much  snowfall,  the  temperature  of 
the  month  is  mostly  below  freezing.  In  order  to  show  as  much 
as  possible  in  regard  thereto,  the  writer  gives  the  detail  for  each 
of  the  tables  of  Muskingum,  Genesee,  Croton  and  Hudson  rivers, 
together  with  a tentative  view  as  to  the  real  significance  of  the 
so-called  negative  evaporation. 

On  Muskingum  river,  during  the  8 years  gaged,  negative  evapo- 
ration is  shown  only  twice  for  one  month. 

On  Genesee  river  the  detailed  tabulation  shows  negative  evapo- 
ration 5 times  for  one  month  and  once  for  two  consecutive  months, 
a total  of  7 months  in  all. 

On  Croton  river,  for  the  entire  period  of  32  years,  negative 
evaporation  is  shown  29  times  for  one  month  and  6 times  for  two 
consecutive  months,  a total  of  41  months  in  all. 

On  Hudson  river  negative  evaporation  is  shown  7 times  for  one 
month  and  4 times  for  two  consecutive  months,  a total  of  15 
months. 

The  writer  has  no  doubt  that,  except  in  very  cold  climates,  when 
negative  evaporation  occurs  for  three  or  more  consecutive  months, 
there  is  an  error  in  the  gagings.  He  also  doubts  their  accuracy 
somewhat  when  negative  evaporation  appears  for  two  consecutive 
months.  As  regards  the  storage  period,  there  is  no  difficulty  in 

^Since  the  presistency  of  evaporation  has  been  extensively  discussed  in 
the  writer’s  paper  on  Stream  Flow  in  Relation  to  Forests,  it  is  merely 
touched  on  here. 
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accepting  it  for  one  month  as  true,  because  rainfall  or  snowfall 
at  the  end  of  the  month  can  be  easily  carried  over  to  the  next. 
This  is  also  true  sometimes  for  two  months,  but  for  the  present 
it  seems  quite  doubtful  that  other  than  in  exceedingly  rare  cases 
would  negative  evaporation  occur  for  three  consecutive  months. 
Its  occurrence  for  six  consecutive  months,  or  for  the  entire  storage 
period,  is  believed  to  be  impossible.  It  may,  however,  be  again 
pointed  out  that  its  occurrence  renders  an  attempt  at  monthly 
diagrams  showing  the  relation  between  rainfall  and  runoff  absurd. 

Assuming  that  the  foregoing  propositions  are  reasonably  true, 
it  follows  that  the  frequency  of  the  occurrence  of  negative 
evaporation  in  gaging  records  may  be  in  some  degree  a criterion 
as  to  their  accuracy.  The  writer,  however,  does  not  wish  to  urge 
this  very  strongly,  but  merely  to  point  it  out  as  a possibility. 
The  writer  has  no  desire  to  be  insistent  on  this  point.  There  is 
very  little  on  the  subject  of  negative  evaporation  in  engineering 
literature,  and  the  writer  will  be  glad  to  have  the  observations 
and  conclusions  of  others. 

In  a report  on  the  flow  of  the  river  Thames,  by  A.  R.  Binnie, 
Chief  Engineer  of  the  London  County  Council,^  the  matter  of  nega- 
tive evaporation  is  elaborately  discussed,  and  in  order  to  obtain 
all  the  information  possible  about  it  Mr  Binnie  applied  to 
George  J.  Symons,  F.  R.  S.,  to  assist  him  in  arriving  at  some 
approximate  idea  on  the  subject.  Mr  Symons  submitted  an  exceed- 
ingly lucid  and  conclusive  report.  Eleven  distinct  cases  of  nega- 
tive evaporation  were  submitted  to  him  for  study  and  comment. 
In  regard  to  these  he  arrived  at  the  following  conclusions : 

1)  Under  normal  conditions  a fall  of  rain  will  increase  the  flow 
at  Teddington  weir  on  the  second  day  after  it  falls. 

2)  Under  normal  conditions  the  water  running  off  from  any 
given  fall  of  rain  will  all  reach  Teddington  weir  before  the  tenth 
subsequent  day. 

3)  In  the  winter  an  interval  of  two  months,  or  in  extreme 
cases  even  more,  may  elapse  between  the  precipitation  of  moisture 
from  the  clouds  and  its  flow  over  Teddington  weir. 


^Report  on  the  Flow  of  the  River  Thames,  by  A.  R.  Binnie.  Publication 
of  the  London  County  Council,  dated  November  1,  1892. 
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As  a consequence  of  (2)  it  is  clear  that  a heavy  rainfall  on  the 
last  days  of  any  month  may  not  appear  at  the  point  of  gaging 
until  the  next  month.  Mr  Symons  also  states  that  the  one  great 
fact  which  has  been  impressed  upon  him  by  these  investigations 
is  the  effect  of  winter  frosts  in  regulating  the  How  of  the  river 
Thames  and  in  mitigating  winter  ffoods. 

These  conclusions  are  more  specially  intended  to  apply  to  the 
river  Thames.  Hence,  while  it  is  true  that  so-called  negative 
evaporation  exists  on  all  of  the  streams  considered,  the  condi- 
tions are  nevertheless  very  different,  and  in  the  United  States  the 
effect  of  holding  back  the  flow'  of  streams  by  frosts  is  in  very  many 
cases  to  precipitate  a flood  of  Avater  later  on.  This  element 
AN'ould  hardly  be  considered  Avith  us  as  either  a river  regulator  or 
as  mitigating  floods.^ 

Evaporation  at  Opdenshurg.  Observations  of  the  amount  of 
evaporation  from  Avater  surfaces  in  Ncav  York  Avere  made  by 
Prof.  James  Coffin,  Principal  of  Ogdensburg  Academy,  in  18J8. 
The  folloAving  are  Professor  Coffin’s  results  for  the  year  1838,  as 
taken  from  the  Regents’  re])orts  for  1839 : 


Rainfall, 

Evapora- 

tion, 

Mean 

tempeiature 

Month 

inches 

inches 

January  

2.36 

1.65 

24.8 

February  

0.97 

0.82 

12.3 

March  

1.18 

2.07 

32.9 

April  

. 0.40 

1.62 

39.8 

May 

4.81 

7.10 

52.5 

June 

3.57 

6.75 

66.5 

July 

1.88 

7.79 

71.7 

August 

2.55 

5.42 

68.3 

September 

1.01 

7.40 

59.2 

October 

2.73 

3.95 

44.6 

November 

2.07 

3.66 

29.7 

December 

1.08 

1.15 

19.4 

Total  

24.61 

49.36 

43.5 

^Negative  evaporation  is  discussed  somewhat  more  extensively  in  the 
writer’s  paper,  The  Relation  of  Rainfall  to  Runoff,  than  it  is  here. 
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Professor  Coffin’s  results  were  obtained  by  observing  the  varia- 
tions of  weight  of  a dish  of  water  of  the  same  size  as  the  rain 
gage,  with  which  the  evaporation  determinations  are  compared. 
This  method  would  probably  give  results  considerably  in  excess  of 
the  truth.  Moreover,  a single  year  is  too  short  a period  for  safe 
results. 

Croton  M^ater  Department  evaporation  records.  Table  No.  -9 
presents  the  results  of  evaporation  for  certain  indicated  montlis 
(1)  for  the  years  1867-1870,  at  Boyd’s  Corners  storage  reservoir, 
Putnam  county,  as  determined  by  J.  J.  R.  Croes,^  from  a wooden 
tank  sunk  in  the  earth;  (2),  for  certain  indicated  months,  1804- 
1869,  inclusive,  from  a wooden  tank  sunk  in  the  earth  at  the 
receiving  reservoir  in  the  City  of  New  York;  (3),  from  a Avooden 
tank  in  a batteau  at  the  receiving  reservoir  in  New  York,  and 
(4),  from  a tin  box  in  a batteau  at  the  i^ceiving  reservoir  in  New 
York. 

The  foregoing  evaporation  experiments  are  referred  to  in  a 
j>aper  by  Mr  Ci'oes  on  the  How  of  tiie  West  Branch  of  Croton  river. 
The  gage  used  Avas  a tight  Avooden  tank  4x4x3  feet,  sunk  in  the 
earth  in  an  exposed  situation  and  filled  Avith  Avater.  As  indi- 
cated, the  mean  evaporation  at  Boyd’s  Corners  for  the 
indicated  months  was  24.47  inches,  Avhile  at  a similar 
tank  at  tlie  reservoir  in  New  York  city  it  Avas  34.06 
indies.  Mr  Croes  atti-ibutes  the  diflerence  in  these  results 
to  tlie  different  methods  of  observation  and  measurement, 
and  states  that  the  Boyd’s  Corners  observations  Avere  made  twice 
a day,  and  any  discrepancies  that  might  have  occurred  Avere  thus 
found  and  corrected  at  once,  Avhile  the  observations  at  the  reser- 
voir in  New  York  city  Avere  made  only  once  a month,  the  differ- 
ence betAveen  the  reading  of  the  gage  on  the  tank  and  the  ob- 
served rainfall  being  taken  as  evaporation.  Mr  Croes  therefore 
considers  the  Avork  done  at  Boyd’s  Corners  reservoir  as  more 
reliable. 


'Trails.  Am.  Soc.  C.  E.,  Vol.  Ill,  1874. 


Table  No.  29 — Evaporation  experiments  of  the  Croton  water  department 

(Depth  in  inches) 

Wooden  tank  sunk  in  earth  at  Boyd's  Corners  storage  reservoir 
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Table  No.  29 — Evaporation  experiments  of  the  Croton  water  department  — {Concluded) 

Wooden  tank  in  l)atteau 
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Ecaporatioii  at  Rochester.  Tables  Xos.  30  and  31  give  evapora- 
tion at  Eocliesteri  for  the  indicated  months  of  tlie  years  1892-1903, 
inclusive.  The  data  of  table  No.  30  have  been  obtained  by  ob- 
serving the  changes  in  elevation  of  the  water  surface  in  a tub 
floating  on  the  surface  of  Blount  Hope  reservoir  of  the  Rochester 
waterworks,  and  may  be  taken  as  representing  the  approximate 
evaporation  from  a free  water  surface  in  western  New  York. 

Table  No.  31  gives  evaporation  from  a water  surface  in  an  ex- 
jmsed  tub  on  land  for  the  same  years  and  months  as  are  included 
in  table  No.  30. 

Observations  of  evaporation  from  water  surfaces  for  a month 
or  two  have  been  reported  from  one  or  two  other  places,  but  so  far 
as  results  of  any  value  in  actual  work  are  concerned,  the  forego- 
ing include  everything  thus  far  determined  in  this  State. 

Drain  gages  at  Geneva.  In  1882  the  Agricultural  Experiment 
Station  at  Geneva  constructed  three  drain  gages  or  lysimeters  for 
the  purpose  of  collecting  and  measuring  drainage  and  evapora- 
tion from  the  soil.  These  gages  are  described  in  the  annual  report 
of  the  Agricultural  Experiment  Station  for  the  year  1882,  as 
follows : 

Box  frames  a little  over  t^^'enty-^ive  inches  square  and  three 
deep,  internal  diameter,  were  made  of  oak  plank,  stronglj^  ironed 
at  the  corners.  These  boxes  were  lined  with  heavy  copper  fas- 
tened to  the  boxes  at  intervals  by  means  of  heavy  copper  tacks, 
and  the  projection  of  the  copper  at  the  top  and  bottom  bent  over 
the  wood  and  securely  tacked,  the  area  measuring  after  the  cop- 
per was  in  place  25.04  inches  square,  or  one  ten-thousandth  of  an 
acre.  The  copper  was  strongly  soldered  at  the  joinings,  and  the 
tack  heads  securely  soldered  into  place  after  being  slightly  coun- 
tersunk.' May  29  these  frames,  three  in  number,  were  fitted  with 
a temporary  cutting  edge  of  angle  iron  screwed  to  the  lower  sur- 
face, the  cutting  edge  being  parallel  with  the  inside  face  of  the 
box,  and  the  bevel  toward  the  outside  and  placed  over  the  sod. 
By  means  of  a heavy  weight  placed  on  top,  aided  by  heavy  mauls 
with  which  blows  were  struck  upon  each  of  two  opposite  corners 
consecutively,  a ditch  being  dug  along  the  outside'  as  the  box  en- 
tered the  soil,  these  frames  were  forced  their  whole  depth  into  the 
soil.  A heavy  flat  section  of  boiler  iron,  the  edge  sharpened,  was 
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Table  No.  30 — Evaporation  from  a water  surface  as  observed  at  Rochester  1892-1903,  inclusive 

(In  inches) 
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then  forced  underneath,  cutting  the  frame  and  contents  free,  the 
box  and  contents  inverted,  and  a bottom  of  copper,  dishing  slightly 
to  a common  center,  where  a pipe  was  inserted  and  securely  sol- 
dered, and  to  which  a perforated  guard  was  attached,  was  strongly 
fastened  into  position  by  bending  the  copper  sides  over  the  edge 
of  this  bottom  piece  and  securely  soldering. 

These  three  boxes  were  then  carried  from  the  point  of  filling 
to  the  drain-gage  lawn,  where  they  were  placed  carefully  in  posi- 
tion, their  surfaces  level  with  the  surrounding  ground  and  the 
pipe  which  passed  from  their  bottom  carried  into  a subterranean 
alcove  built  below  them,  and  upon  the  arch  of  which  the  boxes 
rested,  with  the  intervention  of  about  six  inches  of  soil.  These 
alcoves  branched  from  a pit  carefully  arched  and  to  which  admit- 
tance is  obtained  by  steps.  A bottle  kept  under  each  drain  gage 
and  to  which  the  pipe  leads  enables  us  to  collect  all  the  water 
which  drains  through,  and  a graduated  measure  enables  us  to 
measure  this  water  in  thousandths  of  an  inch,  thus  making  a 
ready  comparison  with  the  rainfall,  a record  of  which  is  kept  by 
one  of  Green’s  eight-inch  gages  located  alongside. 

In  order  to  estimate  the  drainage  from  different  kinds  of  soil, 
these  gages  have  different  classes  of  surfaces.  On  the  surface  of 
No.  1 is  a heavy  sod ; of  No.  2 the  surface  is  bare  and  undisturbed ; 
while  of  No.  3 the  surface  is  kept  pulverized  during  the  open  sea- 
son by  frequent  stirring  with  a trowel. 

An  edging  of  hard  brass,  one  inch  high,  extends  around  the  top 
of  the  frames,  accurately  defining  the  area.  Hence,  all  the  rain- 
fall over  the  area  is  compelled  to  enter  the  soil  and  by  measuring 
the  amount  percolating,  we  can  account  for  the  balance  which 
evaporates.  Having  the  three  gages  we  can  calculate  the  amount 
of  water  evaporated  from  growing  sod,  from  a bare  surface  and 
from  a stirred  surface,  respectively.  The  difference  between  the 
precipitation  and  drainage  from  such  gages  is  taken  to  represent 
the  evaporation  from  the  ground. 

In  order  to  show  the  meteorological  conditions  existing  at 
Geneva,  table  No.  32,  Precipitation  at  Geneva  Agricultural  Ex- 
periment Station  for  the  Water  Years  1883-1889,  Inclusive,  is 
given.  This  table,  however,  while  apparently  a talkie  of  precipi- 
tation, does  not  give  a complete  record  of  precipitation  in  the 
form  of  snow  and  is  somewhat  deficient  as  to  quantity  during  the 
winter  months.  Nevertheless  there  is  a tendency  to  very  low 


Table  No.  32 — Precipitation  at  the  Geneva  agricultural  experiment  station  for  the  water  years  1883-1889  inclusive 
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records  at  the  north  ends  of  tlie  valleys  in  this  vicinity,  as  at 
Hemlock  lake,  Avon,  I'enn  Yan,  Lyons  and  a number  of  otlnn* 
places,  and  the  Geneva  record  is  probably  not  very  far  out  of  the 
way. 

In  order  to  compare  the  precipitation  record  with  that  of  the 
drain  gages  the  precipitation  for  the  water  years  1883  to  1889,  in- 
clusive, is  given — the  yearly  mean  for  the  period  is  25.99  inches. 
The  yearly  mean  precipitation  at  Hemlock  lake  for  the  water 
years  1877-1900,  inclusive,  is  27.70  inches.  The  mean  of  the  stor- 
age period  at  Geneva  from  1883-1889,  inclusive,  is  8.89  inches, 
while  at  Hemlock  lake  it  is  12.21  inches,  indicating  that  if  these 
two  records  are  otherwise  comparable  the  Geneva  record  is  short 
in  the  storage  period  a little  over  3 inches. 

Continuous  records  were  kept  at  Penn  Yan  from  1829-1867. 
The  mean  rainfall  for  the  water  year  of  this  period  of  forty-eight 
years  was  27.93  inches,  or  substantially  the  same  as  Hemlock  lake. 

For  the  calendar  year  of  1899  the  recorded  precipitation  at  the 
Geneva  Agricultural  Experiment  Station  was  19.35  inches,  while 
at  Lyons  for  the  water  year  1899  it  was  20.91  inches.  On  account 
of  the  uncertainty  as  to  the  winter  months,  the  Geneva  record  is 
not  used  in  compiling  the  average  precipitation  of  the  Oswego 
basin  as  given  in  table  No.  34. 

In  table  No.  33,  Percolation  of  Drain  Gages  at  Geneva  Agri- 
cultural Experiment  Station  for  the  Water  Years  1883-1889,  In- 
clusive, we  have  the  runoff  of  the  three  drain  gages  given  for  the 
water  years,  divided  into  storage,  growing  and  replenishing 
periods,  and  in  table  No.  34,  Runoff  Data  of  Oswego  River  at  High 
Dam  for  the  Water  Years,  1897-1901,  Inclusive,  we  have  given  the 
rainfall,  runoff  and  evaporation  for  these  years.  This  table  shows 
that  the  average  runoff  for  the  years  included  was  11.07  inches, 
while  the  preceding  table  shows  that  the  average  runoff  from  the 
sod  for  the  seven  years,  1883-1889,  inclusive,  was  5.07  inches; 
from  bare  soil,  7.55  inches,  and  from  cultivated  soil,  11.12  inches. 
The  average  rainfall  during  the  years  1883-1889,  inclusive,  was 
according  to  the  record  at  Geneva  25.99  inches,  while  during  the 
years  1897-1901,  inclusive,  it  was  36.50  inches.  This  excess  of 
rainfall  in  the  period  1897-1901,  over  what  it  was  in  the  period 
1883  -1889,  would,  by  itself,  cause  a largely  increased  runoff.  In 
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order  to  compare  the  two  we  may  plat  diagrams  showing  the  rela- 
tion between  precipitation  and  runoff  in  the  years  1897-1901,  in- 
clusive. These  diagrams  may  be  extended  so  that  they  will  show 


Fig.  1 Diagram  showing  the  relation  between  precipitation  and  runoff  in 
the  Oswego  river  catchment  during  the  storage  period. 


Rainfall  in  inches. 

Fig.  2 Diagram  showing  the  relation  between  precipitation  and  runoff  in 
the  Oswego  river  catclimeut  during  the  growing  period. 


Rainfall  in  inches. 


Fig.  3 Diagram  showing  the  relation  between  precipitation  and  runoff  in 
the  Oswego  river  catchment  during  the  replenishing  period. 

approximately  the  runoff  with  a lower  rainfall,  as  in  the  water 
years  1883-1889,  inclusive.  Figures  No.  1,  2 and  3 are  suich 
diagrams  as  platted  from  the  record  of  the  runoff  of  Oswego  river, 
1897-1901,  inclusive. 
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In  order  to  extend  these  diagrams  to  lower  limits^  there  are  a 
few  points  ])latted  from  the  extreme  low  water  of  Desplaiiies, 
Muskingum  and  Genesee  rivers,  these  latter  being  indicated  on  the 
diagrams.  Taking  from  these  diagrams  tlie  probable  runoff  of 
Osw^ego  river  for  the  water  years  1883-1 889,  inclusive,  w'e  have 
for : 

1883- 

Storage 3 . 00 

Growing  1.75 

Keplenishing  0.80 

Yearly  total 5.55 

1884- 

Storage  3.40 

Growing  0.50 

Replenishing  0.80 

Yearly  total 4.70 

1885- 

Storage  1.70 

Growing  2.60 

Replenishing  0.70 

Yearly  total 5.00 

1886- 

Storage  3.30 

Growing  1.60 

Replenishing 0.85 

Yearly  total 5.75 

1887- 

Storage  2.00 

Growing  2.20 

Replenishing 0.50 

Yearly  total 4.70 


Table  No.  34 — Runoff  data  of  Oswego  river  at  high  dam  for  the  water  years  1897-1901,  inclusive 
(In  inches  on  the  catchment  area  of  5,000  square  miles) 
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Table  No.  34 — Runoff  data  of  Oswego  river  at  high  dam — Concluded 
(In  incbes  on  the  catchment  area  of  5,000  square  miles) 
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XSS8 Inches 

Storage 3.50 

Growing  1.15 

Keplenishing  1.00 

Yearly  total 5.05 

1889- 

Storage  3.10 

Growing  3.95 

Replenishing  1.05 

Yearly  total 8.10 

:\[ean  5.03 


('oinparing  the  foregoing  mean  of  5.03  inches  with  the  mean  of 
rnnoff  from  sod,  bare  soil  and  cultivated  soil,  as  per  table  No.  33, 
we  see  that  the  mean  of  all  is  7.91  inches.  If,  however,  we  omit 
the  years  1880  and  1889,  which  appear  to  be  abnormally  high,  we 
find  that  the  mean  of  all  is  5.77  inches,  which  compares  very 
closely  with  the  mean  found  by  the  coiu])utation.  Undoubtedly 
there  is  some  inaccuracy  in  the  record  of  the  drain  gages,  as  well 
as  in  the  record  of  the  ]»recipitatiou,  and  Ihe  foregoing  computa- 
tion is  given  chiefly  to  show  that  with  good  data  the  computa- 
tion of  runoff  from  a rainfall  record  can  be  made  with  consider- 
able precision. 

In  the  'Sixth  Annual  Report  of  the  Geneva  Agricultural  Exjjeri- 
ment  Station  (1887)  it  is  slated  that  discussion  of  the  results 
from  these  drain  gages  has  been  deferred,  hoping  that  sufficient 
data  would  reconcile  the  discrei)ancies  existing  between  the  drain 
gage  results  and  what  apparently  takes  i)la.ce  in  outside  soils.^  In 
regard  to  the  discrepancies,  the  foregoing  discussion  as  to  over- 
sight in  precipitation  records  largely  (^x])lains  them  and  probably 
further  discussion  is  unnecessary. 

Nevertheless,  it  should  be  stated  that  in  an  ordinary  drain  gage, 
since  the  soil  within  the  gage  is  not  in  connection  with  a perma- 
nent water  table,  the  acquisition  of  water  by  capillarity  from 


Report  of  Agricnltnral  Experiment  Station  at  Geneva  for  1887,  p.  389. 
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beueaUi  is  excluded  and  the  coiidilions  williiii  tin*  gage  are  differ- 
ent from  those  existing  in  oulside  soil.  Tin's  leads  to  the  earth 
within  the  gage  becoining  abnormally  dry  in  limes  of  drought,  and 
on  the  advent  of  rain  absorbing  more  water  than  it  would  if  not 
thus  isolated.  In  order  to  obviate  some  of  these  possible  diffi- 
culties, new  drain  gages  were  constructed  in  1888,  which  differ 
from  the  preceding  gages  by  being  provided  with  an  artificial 
water  table  which  is  kept  at  a nearlyi  constant  hight  by  the  addi- 
tion of  sufficient  water,  daily,  to  make  up  the  loss  by  evaporation. 

An  even  distribution  of  water  is  insured  by  a layer  of  pebbles 
placed  at  the  bottom  covered  with  another  of  clean  sand,  the  lat- 
ter reaching  up  far  enough  to  cover  the  drain  pipe.  The  soil 
above,  while  not  directly  in  contact  with  water,  rests  upon  a satu- 
rated layer  of  sand.  Four  drain  gages  were  constructed  on  the 
new  plan — Iwo  contain  a column  of  soil  three  feet  in  depth,  ex- 
clusive of  the  sand  at ‘the  bottom,  while  the  other  two  contain  a 
column  of  soil  six  feet  in  depth.  One  of  each  pair  was  filled  with 
soil  in  i)lace  in  order  to  preserve  its  natural  composition  and 
solidity.  The  other  was  filled  with  air-dried  and  sifted  garden 
soil.  Each  drain  gage  was  made  of  whiteoak  staves  of  equal 
width,  cylindrical  in  form  and  lined  with  sheet  copper.  The  area 
was  one  ten-thousandth  of  an  acre  as  before. 

The  cylinders  filled  with  soil  in  place  were  sunk  about  the  col- 
umns of  soil  by  excavating  on  the  outside  and  dressing  down  the 
column  to  fit  the  inside  of  the  cylinder.  The  cylinder  having  been 
sunk  to  the  desired  depth  was  inclined  to  one  side  sufficiently  to 
break  the  column  of  soil  at  the  lower  end,  when  the  plank  bottom 
was  inserted  into  the  fissure  thus  formed.  After  various  manipu- 
lations which  it  is  not  necessary  to  describe,  the  cylinder  was 
lifted  with  jackscrews  until  it  could  be  rolled  out  of  the  excava- 
tion, after  which  it  was  loaded  upon  a wagon  and  hauled  to  the 
pit  prepared  for  it,  where  it  was  unloaded,  with  the  end  intended 
to  enter  the  soil  upward.  The  plank  bottom  was  removed  and  six 
inches  of  earth  taken  out  to  make  room  for  the  layer  of  sand  and 
gravel  upon  which  the  column  of  soil  rests.  The  drain  tube  was 
inserted,  soldered  to  place,  after  which  the  copper  bottom  was 
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soldered  on.  The  space  between  the  copper  bottom  and  the  end 
of  the  cylinder  was  fitted  with  a false  bott03ii,  after  which  a plank 
bottom  was  put  on  and  securely  fastened  by  means  of  angle  iron. 
The  drain  gage  was  then  lowered  to  position  by  means  of  an  in- 
clined plane  and  a windlass.  After  connecting  drain  pipe  with 
drain  gage  pit,  it  was  inserted  and  soldered  to  place. 

The  apparatus  for  supplying  water  to  these  gages  is  quite  dif-' 
ferent  from  the  usual  form.  When  there  is  percolation  from  the 
drain  gage,  the  water  percolated  flows  out  through  a drain  cock 
and  is  collected  in  a bottle  beneath  it.  On  the  other  hand,  if  the 
soil  of  the  drain  gage  absorbs  some  of  the  bottom  water,  the  level 
of  the  latter  falls,  permitting  a bubble  of  air  to  enter,  which  passes 
uj)ward  and  is  conducted  into  the  upper  part  of  a reservoir  out- 
side the  gage.  This  allows  an  equal  quantity  of  water  to  pass  out 
of  the  reservoir  into  the  drainage  tube. 

Table  No.  35,  New  Drain  Gage  Record,  June  to  December,  Inclu- 
sive, 1889,  from  the  Rejmrt  of  the  Agricultural  Experiment  Sta- 
tion for  1890,  gives  some  of  the  particulars  of  the  workings  of  these 
new  drain  gages. 

These  new  drain  gages  were  not  satisfactory  and  the  record  was 
discontinued  after  December,  1899. 

The  hight  of  loatcr  in  wells.  The  hight  of  water  in  wells  is 
related  to  evaporation,  and  in  order  to  show  some  of  the  phe- 
nomena connected  with  the  movements  of  ground  water,  a series 
of  measurements  were  made  during  1887-1889,  inclusive,  of  the 
hight  of  water  in  an  abandoned  well  at  the  Geneva  Agricultural 
Experiment  Station.  The  well  is  forty  feet  deep  and  situated 
near  the  top  of  a ridge  of  such  a hight  that  in  three  directions  it 
is  necessary  to  go  only  a few  hundred  feet  before  reaching  land 
lower  than  the  bottom  of  the  well,  while  in  the  fourth  direction 
there  is  a railroad  cut,  the  bottom  of  which  is  but  slightly  above 
that  of  the  well. 

The  measurements  began  December  1,  1886,  and  were  continued 
daily  until  the  end  of  1889.  In  table  No.  36,  Hight  of  Ground 
Water  in  an  Abandoned  Well  at  the  Geneva  Agricultural  Experi- 
ment Station  from  December,  1886,  to  December,  1889,  Inclusive, 


Table  No.  35 — New  osAm  gage  record,  June  to  December,  1889,  inclusive 

(In  litres) 
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we  have  given  the  distance  from  tlie  curb  to  the  Avater  surface  on 
the  first  day  of  December,  1886,  and  on  the  first  day  of  each  month 
thereafter,  and  also  the  rainfall  of  the  preceding  month. 


iSm.  18S7.  1883.  iSSS. 


Fig.  4 Diagram  showing  the  relation  between  rainfall  and  hight  of  ground 
water  at  the  Geneva  Agricultural  Experiment  Station,  from  December  1, 
1886,  to  December  1,  1889. 


In  the  cut,  figure  No.  4,  the  figures  in  table  No.  36,  have  been 
platted,  showing  graphically  the  relation  between  rainfall  and 
hight  of  ground  Avater  for  the  three  years  from  December  1,  1886, 
to  December  1,  1889,  inclusive.  In  discussing  these  records,  the 
Acting  Meteorologist  of  the  Agricultural  Experiment  Station 
notes  the  folloAving  facts  : 

1)  Fluctuations  in  the  precipitation  from  month  to  month  did 
not  much  affect  the  hight  of  the  Avater-table.  The  very  light  pre- 
cipitation of  January,  1887,  did  not  stop  the  rise  of  the  water- 
table,  nor  did  the  extremely  large  rainfall  of  July  of  the  same  year 
cause  the  water-table  to  stop  falling. 

2)  The  raipid  rise  in  the  water-table  from  January  7 to  April 
1,  1888,  or  from  December  1,  1888,  to  January  1,  1889,  was  not 
due  to  large  precipitation  during  this  time,  nor  was  the  fall  from  - 
May  7 to  November  1, 1888,  due  to  small  precipitation. 

3)  The  rapid  rise  of  Avater  from  November  18  to  December  1, 
1889,  was  in  part  at  least  due  to  the  heavy  rainfall  of  the  18th  to 
23d,  which  found  the  soil  nearly  or  quite  saturated.  The  rainfall 
for  that  time  was  2.60  inches,  followed  by  0.51  inch  more  during 
the  latter  days  of  Noveoniber, 
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Although  evaporation  played  an  important  part  in  the  fluctua- 
tions, so  far  as  appears  from  the  report,  this  element  was  not 
taken  into  account  in  drawing  the  foregoing  conclusions. 

The  error  in  precipitation,  due  to  not  fully  taking  into  account 
the  amount  of  snow,  should  also  be  considered. 

Relation  of  Geologic  Structure  to  Runoff 

Among  the  principal  factors  affecting  stream  flow  should 
be  npted  the  structure  and  texture  of  the  rocks,  specially 
those  of  the  surface.  For  example,  in  regions  with  stiff,  heavy, 
clay  soils,  a larger  proportion  of  the  winter  rainfall  runs  off 
on  the  surface,  passing  immediately  into  the  streams,  than 
is  the  case  in  regions  with  open,  porous  soils  or  extensive 
sandy  areas,  while  in  summer  a much  smaller  proportion  runs 
off.  But  such  streams  have  a very  much  smaller  ground- 
water  flow,  from  whence  it  results  that  the  total  runoff  per 
year  is  smaller  than  for  streams  with  open,  sandy  soils. 
The  Genesee  and  Hudson  rivers  represent  the  extremes  of 
the  State  in  this  particular.  A general  knowledge  of  the 
surface  geology  is  therefore  desirable  in  a study  of  the  water 
resources  of  the  (State.  The  relative  position  and  area  of  the  dif- 
ferent geologic  formations  are  best  shown  on  the  large  Geologic 
Map  of  New  York  prepared  by  Dr  F.  J.  IT.  Merrill,  State  Geolo- 
gist, in  1901  (scale  5 miles  to  the  inch) . A similar  but  smaller  map 
by  the  same  author, showing  essentially  the  same  features  was  also 
printed  in  1894  under  authority  of  tihe  Regents  of  the  University  to 
accompany  the  Report  on  the  Mineral  Exhibit  of  New  York  at  the 
World’s  Columbian  Exposition,  this  being  on  the  scale  of  approxi- 
mately 14  miles  to  an  inch.  This  map  was  also  published  with 
Bulletin  15  of  the  State  Museum  and  was  reproduced  in  1901  by 
Edward  A.  Bond,  State  Engineer,  in  his  report  on  the  proposed 
barge  canal.  On  examining  either  of  these  maps  one  will  note 
the  preponderance,  so  far  as  area  is  concerned,  of  two  classes  of 
rocks — the  ancient  cr^^stallines,  which  cover  a large  area  in  the 
northern  part  of  the  State,  and  the  conglomerates,  sandstones  and 
shales  of  the  Devonian,  which  form  the  greater  part  of  the  Appa- 
lachian plateau,  stretching  from  Lake  Erie  across  the  State  to 
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within  a short  distance  of  the  Hudson  river,  this  being  the  area 
classified  by  the  State  Weather  Bureau  under  the  names  of  the 
Eastern  and  Western  plateaus.  The  streams  from  the  northern 
crystalline  area  undoirbtedly  furnish  the  best  water  supply  of  the 
state.  This  is  probably  not  due  wholly  to  the  character  of  the 
rocks,  as  many  other  factors  contribute  to  this  result. 

The  sandstones  of  the  Upper  Devonian  along  the  northern 
boundary  of  Pennsylvania  are  bounded  on  the  north  by  the  long 
narrow  belts  of  outcrop  of  the  underlying  rocks  stretching  in  a 
general  easterly  and  westerly  direction.  The  streams  pursuing  a 
general  northerly  course  pass  in  succession  across  these.  Ab  a 
rule,  the  soils  of  the  region  are  heavy,  with  considerable  clay,  and 
the  rainfall  being  absorbed  somewhat  slowly,  a considerable  por- 
tion of  it  flows  directly  into  the  watercourses.  The  primeval 
forest  has  for  the  most  part  been  cut  away  and  heavy  floods  are 
common,  such  as  those  of  the  Genesee  and  Chemung  rivers, 
described  more  fully  on  a later  page. 

The  only  streams  of  this  region  on  which  extensive  discharge 
measurements  have  been  made  are  the  Genesee  river  and  its  tribu- 
tary, Oatka  creek.  Streams  of  similar  character  in  Avestern  Penn- 
sylvania, however,  have  been  measured  for  a number  of  years  by 
the  Philadelphia  Water  Department,  and  the  results  of  these  meas- 
urements are  available  for  comparison  and  discussion.  The 
results  obtained  on  the  Pennsylvania  streams,  the  Neshaminy, 
Tohickon  and  Perkionien,  are  applicable  particularly  in  estimates 
of  the  flow  of  the  tributaries  of  DelaAvare  ri\^er,  rising  in  Noav 
York  State,  and  to  the  more  easterly  streams  Avhich  form  the 
Susquehanna. 

The  catchment  basins  of  the  OsAA^ego,  Mohawk  and  Hudson 
riA^ers  are  so  highly  composite  as  regards  geologic  formations  and 
embrace  such  a Avide  Anriation  in  topography  and  surface  geology 
that  no  definite  deductions  concerning  the  effect  of  the  formations 
on  water  floAv  have  been  draAvn.  The  streams  of  Long  Island, 
rising  among  the  sands,  tills  and  gravels  of  comparatively  recent, 
unconsolidated  formations,  offer  peculiar  conditions,  which  are 
discussed  on  a later  page. 


1G4 


NEW  YORK  STATE  MUSEUM 


We  have  seen  iu  the  j3receding  that  it  is  somewhat  iiiiceTtaiii 
whether  difference  iu  soil  due  to  difference  iu  character  of  rocks 
has  much  influence  on  the  runoff,  although  casually  it  appears  that 
sandy  soils,  from  their  porousness,  do  considerably  affect  the 
result.  Recent  European  studies  of  this  subject  have  shown 
(1)  that  in  many  river  basins  the  annual  runoff  stands  in  a nearly 
constant  relation  to  the  rainfall,  and  (2)  that  this  constancy  is. 
more  marked  when  the  excess  raiufall  above  a certain  minimum 
annual  depth  is  considered.  This  latter  statement  is  equivalent  to 
saying  that  if  the  yearly  raiufall  is  less  than  such  minimum  depth 
little  or  no  runoff  will  take  place.^ 

The  general  truth  of  this  proposition  is  shown  by  many  western 
streams  where  the  runoff  is  little  or  nothing.  In  New  Jersey  12 
inches  of  rain  during  the  summer  season  produce  a runoff  of  1..5 
inches,  though  others  have  stated  a somewhat  different  relation. 
In  the  State  of  New  York  from  1.7  to  2 inches  may  be  considered 
the  general  range.  As  to  the  amount  of  rain  required  to  produce 
any  runoff  at  all,  from  12.5  to  1G.5  inches  have  been  given.  For 
this  minimum  many  western  streams  do  not  run  more  than  0.25 
to  0.5  inch,  and  some  even  are  perfectly  dry.  These  statements 
indicate  that  the  character  of  the  soil,  nature  of  vegetation,  the 
elevation,  etc.  are  of  comparatively  small  importance  as  regards 
relation  between  the  yearly  volumes  of  rainfall  and  runoff.  If, 
however,  we  consider  the  rainfall  and  runoff  of  the  several  periods, 
as  shown  by  the  accompanying  tables,  it  is  not  entirely  certain 
that  these  propositions  are  other  than  approximately  true.  The 
weight  of  evidence  indeed  is,  on  the  whole,  negative.  Mr  Ver- 
meule  is  disposed  to  attribute  nearly  all  of  the  differences  between 
streams  to  difference  in  geology,  and  accordingly  gives  a geologic 
classification  for  the  New  Jersey  streams.  Mr  Vermeule  says: 

As  a rule,  the  watersheds  which  lie  upon  the  same  geological 
formation  will  be  found  to  have  a strong  resemblance,  both  in  the 
character  of  flow  and  in  the  chemical  composition  of  the  waters. 

Yet,  as  will  be  shown  later,  the  Genesee  and  Oswego  rivers,  two 
streams  with  approximately  the  same  runoff,  lie  mostly  in  differ- 
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eiit  geologic  formations.  As  regards  quality  of  soils,  Mr  Ver- 
meule  also  says : 

It  may  be  inferred  that  the  kind  of  soil  has  much  less  to  do 
with  the  amount  of  evaporation  than  has  the  temperature. 

As  regards  the  relation  between  geology  and  runoff,  it  is 
undoubtedly  complicated,  although  it  is  interesting  to  note  that  in 
the  State  of  New  York  streams  which  flow  from  the  north  into  the 
Mohawk  river,  after  crossing  over  a narrow  strip  of  Trenton  lime- 
stone and  Calciferous  sand  rock,  and  which  head  in  the  Laurentian 
granite  of  the  Adirondacks,  have  larger  flows  than  those  coming 
to  the  Mohawk  from  the  south,  which  lie  mostly  in  the  Yorizon  of 
the  Hamilton  shales,  the  headwaters  of  some  of  them — as,  for 
instance,  Schoharie  creek — ^being  in  the  sandstones  of  the  Che- 
mung and  Portage  groups.  In  their  low^er  reaches  they  cross  over 
the  sandstones  and  shales  of  the  Hudson  and  Utica  groups,  with 
narrow  strips  of  Helderberg  limestone,  Oriskany  sandstone,  and 
Onondaga  limestone. 

However,  there  is  another  consideration.  The  headwaters  of 
the  streams  to  the  north  of  the  Mohawk  nearly  all  lie  in  a region 
heavily  timberfed — some  of  it  is  still  primeval  forest — while  those 
to  the  south  are  from  a highly  cultivated  country,  practically 
deforested. 

We  may  now  consider  the  case  of  the  Genesee  and  Oswego  rivers, 
referring  to  the  large  Geologic  Map  of  the  State  of  New  York. 

Genesee  river  has  an  average  rainfall  of  about  40  inches  and 
Oswego  rivei^  of  about  37  inches.  That  portion  of  Genesee  river 
which  has  been  gaged  lies  almost  entirely  in  the  shales  and  sand- 
stones of  the  Portage  and  Chemung  groups.  Oswego  river,  on  the 
contrary,  lies  in  the  horizon  of  the  Portage  sandstones  and  shales, 
Hamilton  shales,  Onondaga  and  Helderberg  limestones,  Oriskany 
sandstone,  the  rocks  of  the  Salina  or  Salt  group,  the  Lockport 
limestone,  Clinton  limestone  and  shales,  Medina  sandstones,  and 
Utica  sandstones  and  shales,  including  tlie  Oswego  sandstone. 
The  Chemung,  Portage,  and  Hamilton  formations  have  a wide 
outcrop,  while  the  Onondaga,  Oriskany,  and  Helderberg  are  com- 
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paratively  narrow  bands.  The  Salina,  Lockport,  Clinton,  and 
Utica  formations  are  all  of  considerable  extent.  Both  of  these 
streams  are  practically  without  forests,  although  slight  exception 
to  this  statement  may  be  noted  on  the  extreme  headwaters  of  the 
Genesee  river  in  Pennsylvania,  where  there  is  still  a small  area  of 
partially  cut  forest. 

It  is  an  interesting  circumstance  that  the  geologic  foTinations 
in  which  the  Genesee  and  Oswego  rivers  lie  all  have  a sloj)e  to  tlie 
south  or  southwest  of  from  10  to  30  feet  per  mile.  The  main 
trend  of  the  Genesee  river  is  south  and  north,  while  the  two  main 
branches  of  Oswego  river — Seneca  and  Oneida — lie  east  and  west. 
The  Mohawk  also  flows  from  west  to  east.  On  this  basis  the 
Portage,  Hamilton,  Onondaga,  Oriskany,  Helderberg,  and  Salina 
groups  lie  mostly  south  of  the  Seneca  and  Oneida  rivers,  while  a 
portion  of  the  Salina,  Niagara,  Clinton  and  Medina  groups  lie 
mostly  to  the  north.  It  is  interesting,  therefore,  to  speculate  as 
to  whether  it  is  possible  that  considerable  water  escapes  through 
these  formations,  finally  appearing  far  to  the  south,  but  in  the 
lack  of  any  certain  evidence  this  must  be  considered  as  merely  a 
speculation. 

It  may  be  also  noted  that  for  tributaries  of  the  Mohawk  rivc^r 
lying  to  the  north,  the  stratified  formations^ — Utica  shales,  Tren- 
ton grou]),  Calciferous  sand  rock,  etc. — slope  toward  the  stream, 
and  hence  may  be. expected,  if  there  is  anything  in  this  view,  to 
deliver  more  water  than  that  merely  due  to  the  rainfall  of  the 
catchment  as  measui’ed  on  the  surface. 

On  the  Upper  Mohawk  there  is  some  evidence  that  this  is  true. 
The  limestones  here  are  open,  and  at  several  places  streams  on  the 
surface  sink,  to  reappear,  in  one  case  at  any  rate,  with  greatly 
increased  volume  several  miles  farther  down.  This  condition  is 
specially  marked  on  the  headwaters  of  the  main  Mohawk  a few 
miles  south  of  Boonville.  Again,  at  Howe's  Cave,  in  Schoharie 
county,  there  is  a large  stream  of  water  flowing  in  the  cave  whicli, 
so  far  as  known,  does  not  appear  anywhere  on  the  surface. 

The  Muskingum  river  may  be  mentioned.  This  stream  lies  in 
the  unglaciated  region  in  southeastern  Ohio,  mostly  in  the  horizon 
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of  the  Conglomerate  group  of  the  Oarboiiiferous.  The  main  Mus- 
kingum river  Hows  generally  from  north  to  south,  with  its  main 
branches  to  the  east  and  west,  that  to  the  west  going  a short  dis- 
tance into  the  Waverly  group,  which  is  chiefly  sandstone  and 
shale,  a subdivision  of  the  Carboniferous.  The  dip  is  from  north 
to  south.  In  view  of  the  extremely  low  runoff  of  this  stream,  it 
seems  tolerably  evident  that  there  can  be  no  material  contribution 
by  percolation  through  these  strata. 

As  other  examples  of  underground  flow,  the  writer  may  men- 
tion Toy  ah  creek,  in  Texas,  where  a stream  of  (his  recollection  is) 
40  or  50  cubic  feet  per  second  flows  from  the  base  of  a mountain 
with  no  indication  as  to  its  source.  The  well-known  streams  in 
Mammoth  and  Luray  caves  are  doubtless  familiar  to  all.  There 
are  also  a number  of  river  channels  in  the  west  where  the  water 
sinks  inj:o  the  porous  soils,  to  reappear  at  some  point  lower  down; 
but  these  are  hardly  allied  to  the  cases  under  consideration, 
because  the  source  is  here  visible. 

A stream  at  Lausanne,  Switzerland,  may  also  be  mentioned.  In 
1872  there  was  a serious  epidemic  of  typhoid  fever  at  Lausanne, 
Switzerland,  which,  on  investigation,  was  found  to  proceed  from 
a brook  irrigating  lands  about  a mile  distant  from  a public  well, 
from  which  the  800  inhabitants  of  the  village  mostly  took  their 
water  supply.  Ten  years  before,  or  in  1862,  a hole  had  appeared 
in  the  channel  of  the  brook  at  a certain  point,  8 feet  deep  and  3 
feet  wide,  which  disclosed  at  its  bottom  a running  stream,  appar- 
ently fed  by  the  brook  from  a point  higher  up.  The  brook  itself 
was  led  into  this  hole,  with  the  result  that  the  water  all  disap- 
peared and  in  an  hour  or  two  streamed  out  at  the  public  well, 
showing  a connection  which  had  been  suspected  for  years.  On 
refilling  the  hole  the  brook  returned  to  its  bed. 

After  the  epidemic  had  ceased  in  1872  an  investigation  was 
held,  the  hole  was  reopened  and  a large  quantity  of  salt  thrown 
in;  its  presence  in  the  public  well  was  easily  ascertained  by  a 
chemical  examination. 

This  case  discloses  some  points  of  interest.  Here  was  a con- 
siderable stream  flowing  underground  which  was  easily  increased 
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from  the  water  of  the  brook,  which  was  on  the  surface.  Again, 
the  flow  here  was  through  coarse  gravel. 

Moreover,  we  may  consider  the  origin  of  those  bodies  of  fresh 
water  which  sometimes  rise  up  in  the  sea,  as  in  the  Mediterranean 
near  Genoa,  the  Persian  Gulf  and  in  the  Gulf  of  Mexico.  It  is 
stated  that  in  two  of  these  cases  the  flow  is  so  great  as  to  permit 
of  ships  taking  water.  In  the  Gulf  of  Mexico  the  water  surface 
over  the  outflow  is  stated  to  be  several  feet  higher  than  the  sur- 
rounding sea. 

In  the  literature  of  canal  construction  there  are  a number  of 
cases  cited  in  which  large  losses  of  water  have  taken  place  either 
through  coarse  gravel  or  seamy  rocks.  Doubtless  there  are  numer- 
ous other  cases,  which,  however,  are  not  specially  imx)ortant,  for 
it  is  the  writer’s  intention  only  to  point  out,  in  a general  way,' 
reasons  why  such  losses  may  sometimes  take  place. 

The  outflow  from  Skaneateles  lake  has  been  cited  as  showing 
a large  loss,  xu’esumably  by  percolation  through  strata,  but  on 
reference  to  the  original  authority  it  is  clear  enough  that  an 
error  has  been  made  in  so  citing  it,  because  the  flow  measured 
was  really  through  9 miles  of  natural  channel  and  8 miles  of 
canal,  to  Montezuma.  It  may  be  mentioned  that  the  problem  to 
be  determined  by  this  measurement  was  the  discharge  into  Seneca 
river  and  it  is  quite  x)Ossible  that  there  may  have  been  a deficiency 
from  the  west. 

Skanea teles  lake  lies  at  an  elevation  of  867  feet  above  tide- 
water and  a distance  of  about  9 miles  south  of  the  Erie  canal, 
for  which  it  has  been  used  as  a feeder  since  1844.  In  1859  Mr 
S.  H.  Sweet  made  measurements  of  the  flow  to  the  canal  and 
through  the  same  to  Montezuma,  where  the  surplus  water  is  dis- 
charged into  Seneca  river,  to  which  it  was  found  to  deliver  125 
cubic  feet  i:)er  second.  Measurements  were  also  made  at  the  foot 
of  the  lake,  where  the  flow  amounted  to  188  cubic  feet  per  second. 
The  loss  was  63  cubic  feet  per  second,  or  one-third  of  the  whole. 
Skaneateles  lake  itself  lies  in  the  Hamilton  formation,  and  its 
outlet,  on  its  way  to  the  Erie  canal,  flows  across  the  Onondaga, 
Oriskari}T  Helderberg  and  Salina  formations.  The  dip  is  here 
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from  north  to  south,  while  the  stream,  which  is  tributary  to  tlie 
Seneca  river,  the  main  westerly  branch  of  the  Oswego,  flows  from 
south  to  north,  or  in  the  right  direction  to  realize  the  maximum 
possible  leakage,  or  percolation,  through  the  strata.  Inasmuch  as 
no  such  leakage  is  mentioned,  it  may  be  reasonably  concluded  that 
none  occurred. 

Cazenovia  lake  and  Erieville  reservoirs  are  also  mentioned,  and 
considerable  loss  of  water  is  given,  which  when  analyzed  is  found 
to  be  loss  of  water  in  the  canal,  and  hence  not  in  any  degree 
attributable  to  leakage  through  strata.  Cazenovia  lake  and  Erie- 
ville reservoirs  both  lie  south  of  the  Erie  canal,  and  flow  across 
substantially  the  same  strata  as  the  outlet  of  Skaneateles  lake.^ 

Such  facts  as  these,  while  lacking  the  proof  of  a scientific 
demonstration,  are  still  very  interesting  and  indicate  that  we 
have  yet  much  to  learn  of  the  peculiarities  of  stream  flow.  On 
the  whole,  while  they  point  to  a moderate  loss  from  percolation, 
so  far  as  the  writer  can  see  they  do  not  indicate  any  great  prob- 
ability of  very  large  loss  from  this  cause.  They  do  emphasize  the 
fact  that  every  catchment  area  will  have  its  own  formula. 

By  way  of  showing  that  the  theory  of  large  evaporation  on 
deforested  catchment  areas  is  broadly  more  reasonable  that  the 
theory  that  there  is  any  great  loss  of  water  by  seepage  owing  to 
inclination  of  the  strata,  we  may  consider  the  Croton  record  as 
given  by  the  appended  table,  where  it  will  be  noted  that  the 
evaporation  from  this  area  is  substantially  the  same  as  that  from 
Muskingum  and  Genesee  rivers;  that  is  to  say,  it  is  the  evapora- 
tion of  a deforested  area — the  area  in  forest  on  this  catchment 
does  not  exceed  10  per  cent.  In  placing  it  at  10  per  cent  the 
writer  means  the  equivalent  in  actual  effect  of  dense  forest.  As 
regards  geologic  formation  this  catchment  lies  almost  entirely 
in  granites  and  gneisses,  in  which,  from  their  hoinogeneous  char- 
acter, it  is  difficult  to  assume  any  loss  by  percolation  through 
strata.  There  is,  however,  a small  area  of  metamorphic  Hudson 
formation,  consisting  of  slate,  schist  and  quartzite,  and  also  a 


^Ann.  Kept.  State  Engineer  and  Surveyor  for  1862,  pp,  403-404. 
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small  area  of  metamorpliic  Treutoii  and  Calciferous  limestones, 
but  it  is  exceedingly  improbable  that  any  rocks  which  have  been 
subjected  to  metamorpliic  changes  are  in  any  degree  permeable. 
This  catchment  must  therefore  be  considered  as  underlain  by  an 
impermeable  formation.  All  of  the  water  falling  upon  it  except 
that  absorbed  by  evaporation,  chemical  changes,  etc.  reappears  as 
runoff  in  the  streams.  It  ma}'  be  safely  assumed  that  there  are 
no  other  losses.  Nevertheless,  the  evaporation  of  this  stream  is 
that  tentatively  placed  upon  other  deforested  areas.  Moreover, 
there  is  another  interesting  consideration  of  which  brief  note  may 
be  taken  at  this  jilace.  In  deference  to  the  Water  Supply  Depart- 
ment of  the  City  of  New^  York,  the  writer  has  used  in  computing 
the  monthly  runoff  the  catchment  area  of  339  square  miles.  Mr 
Vermeule,  however,  asserts  that  this  area  is  not  the  true  one.  He 
says  the  true  area  above  old  Croton  dam  is  353  square  miles. 
If  we  assume  this  to  be  true,  it  follows  tliat  the  average  runoff, 
instead  of  being  22.8  inches,  is  over  4 ]>er  cent  less,  or  is,  roundly, 
21.8  inches.  This  raises  the  evaporation  from  26.6  inches  to  27.6 
inches.  In  his  report  on  forests,  Mr  Vermeule  has  placed  the 
evaijoration  of  his  second  Croton  series,  which  the  writer  under- 
stands him  to  consider  more  reliable,  at  22.6  inches,  a difference 
of  5 inches  from  the  foregoing  figures,  which  it  may  be  remarked 
is  based  upon  the  latest  revision  and  is  presumably  more  likely 
to  be  correct. 

On  the  upper  Hudson  river,  with  a catchment  above  Meclianic- 
ville  of  4500  square  miles,  the  average  rainfall  for  the  fourteen 
years  from  1888  to  1901,  inclusive,  was  about  44.2  inches,  the 
average  runoff  23.3  inches,  and  the  evaporation  20.9  inches. 
Above  Glens  Falls  this  stream  lies  almost  entirely  in  the  Pre- 
cambrian  gneiss,  from  which  it  is  improbable  that  there  is  any 
loss  of  water.  Its  main  tributary  to  the  west,  Sacandaga,  is,  by 
observation,  an  exceedingly  prolific  water  yielder.  To  the  east, 
the  Battenkill  and  Hoosic  rivers  have  a different  geologic  history. 
The  Battenkill  flows  across  the  Hudson  shales,  the  Georgia  lime- 
stones and  shales,  finally  rising  in  the  metamorphic  Hudson  and 
Trenton  formations.  The  Hoosic  river  has  a similar  geologic  his- 


HYDROLOGY  OF  NEW  YORK 


171. 


tory.  The  ruuoh  of  the  Iloosic  river  is,  without  doubt,  consider- 
ably less  than  that  of  the  main  Hudson.  The  average  precipitation 
in  western  Massachusetts  from  1887  to  1895,  inclusive,  was  38.98 
inches,  as  against  43.29  inches  in  the  northern  plateau  from  1889 
to  1895,  inclusive,  a difference  of  4.31  inches.  Should  such  dif- 
ference continue,  the  runoff  of  Hoosic  river  might  be  expected  to 
be,  on  an  average,  about  20  inches.  Moreover,  the  Hudson  river 
above  Glens  Falls  (catchment  about  2800  square  miles)  is  still 
largely  in  forest — probably  about  85  per  cent — but  on  the  catch- 
ments of  Wood  creek,  Battenkill  and  Hoosic  rivers  the  proportion 
of  forest  is  very  much  less — as  an  offhand  estimate,  the  writer 
would  say  perhaps  20  to  30  per  cent.  The  runoff  of  Schroon  river, 
which  is  perhaps  70  per  cent  of  an  equivalent  to  fairly  dense 
forest,  is  for  four  years  26.84  inches.  There  is,  however,  some 
doubt  whether  this  record  is  entirely  reliable,  and  for  the  present 
it  is  not  intended  to  more  than  merely  call  attention  to  the  gen- 
eral proposition  that  this  stream,  which  issues  from  an  imper- 
meable catchment  with  70  per  cent  of  it  in  forest,  has  a rather 
large  runoff.  The  whole  catchment  area  of  the  Upper  Hudson  of 
about  4500  square  miles,  will  probably  not  exceed  50  to  60  per 
cent  of  forest. 

The  following  are  the  catchment  areas  of  the  several  streams 
here  considered : Hoosic,  711  square  miles ; Battenkill,  438  square 
miles;  Sacandaga,  1057  square  miles,  and  Schroon  river,  570 
square  miles. 

The  Pequannock  river  in  New  Jersey,  not  far  from  the  New 
York  line,  is  an  interesting  case.  This  stream  is  characterized 
by  sharp  slopes  throughout  its  whole  extent.  Its  headwaters  are 
at  an  elevation  of  about  1500  feet,  while  the  mouth  is  only  170 
feet  above  tide.  The  catchment  is  about  14  to  16  miles  long  by  4 
to  7 miles  wide.  Mr  Vermeule  states  that  its  headwaters  lie  in 
the  Precambrian  highlands.  The  sharp  slopes,  combined  with 
small  catchment  area,  undoubtedly  account  for  the  relatively 
large  runoff  of  this  stream.  There  is  also  an  uncertainty  of  1 or 
2 inches  in  the  rainfall  record.  The  catchment  is  judged  by  the 
writer  to  be  70  per  cent  forest. 
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lu  riding  over  the  Peqiianiiock  catchment  several  times  the 
writer  was  iniicli  struck  by  the  fact  that  aside  from  the  main 
valleys  there  are  no  galleys  thronghont  this  area.  The  record 
shows  that  precipitation  is  frequently  very  heavy,  but  it  has  been 
thus  far  without  effect.  The  indications  appear  to  be  that  the 
rainfall,  however  intense  it  may  be,  sinks  almost  entirely  into  the 
ground,  and  without  doubt  this  peculiarity  has  its  effect  on  the 
runoff. 

It  may  be  pointed  out  that  the  geology  of  Muskingum  and  Gen- 
esee rivers  is  substantially  the  same,  while  the  geology  of  Croton 
river  is  entirely  different.  Nevertheless,  when  analyzed  by  aid  of 
the  diagrams,  these  streams  are  all  seen  to  have  substantially  the 
same  evaporation  and  runoff,  although  the  rainfall  on  Croton 
river  is  different  from  that  of  ^luskiugum  and  Genesee  rivers. 
Hudson  river,  however,  which  has  much  the  same  geology  as  Cro- 
ton river,  has  still  a very  different  runoff  and  evaporation. 
Oswego  river,  which  lies  in  a different  formation  from  Genesee 
river,  has  still  nearly  the  same  evaporation.^ 

These  several  facts  favor  the  view  that  deforestation  is  the  real 
cause  of  the  smaller  runoff  of  Muskingum,  Genesee,  Oswego  and 
Croton  rivers. 

Forests 

Do  forests  increase  rainfall?  The  evidence  on  this  point  is  con- 
flicting. The  variation  of  the  observed  from  the  true  rainfall 
being  so  great,  as  has  just  been  shown,  the  answer  to  this  question 
must  be  regarded  as  very  uncertain.  It  has  been  discussed  by 
Professor  Abbe  and  Dr  Hough  The  following  summation  by 
Dr  Hough,  although  made  2G  years  .ago,  may  be  accepted  as 
expressing  the  fact  at  the  present  day. 

The  reciprocal  influences  that  operate  between  woodlands  and 
climate  appear  to  indicate  a close  relation  between  them.  It  is 
observed  that  certain  consequences  follow  the  clearing  off  of 
forests,  which  can  scarcely  be  otherwise  regarded  than  as  a direct 

iTlie  evaporation  of  Oswego  river  is,  in  fact,  a little  greater,  due  to  the 
existence  of  large  marsh  areas  on  Oswego  river, 

2Report  upon  Forestry,  by  Franklin  B.  Hough,  U.  S.  Department  of  Agri- 
culture (1877). 
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effect,  such  as  the  dimiiiution  of  rivers  and  tlie  dTving  up  of 
streams  and  springs.  Other  effects,  scarcely  less  centain,  are  seen 
in  the  occurrence  of  destructive  floods,  and  of  unseasonable  and 
prolonged  droughts,  with  other  vicissitudes  of  climate  which  it 
is  alleged  did  not  occur  when  the  country  was  covered  with  forests. 
These  appear  to  have  been  brought  about  by  their  removal,  and 
might,  in  a great  degree,  be  alleviated  by  the  restoration  of  wood- 
lands to  a degree  consistent  with  our  best  agricultural  interests. 

On  the  other  hand,  there  are  many  facts  tending  to  show  that 
the  presence  or  absence  and  the  character  of  forests  are  the  effect 
of  climate,  and  that  their  cultivation  generally,  or  the  planting  of 
particular  species,  is  closely  dependent  upon  it.  These  conditions 
of  climate  should  be  understood  before  forest  cultivation  is 
attempted.  It  is  also  to  be  noticed  that  differences  of  opinion 
have  been  expressed  among  men  of  science  as  to  the  extent  of 
influence  that  forests  exert  upon  the  climate,  and  it  is  quite  prob- 
able that  the  advocates  of  extreme  theories  may  have  erred  on 
both  sides.  But  where  principles  depend  upon  facts  that  may  be 
settled  by  observation,  there  should  be  no  differences  of  opinion; 
and  as  there  is  no  fact  in  this  subject  that  may  not  be  verified  or 
disproved,  the  existence  of  such  differences  only  shows  the  want 
of  accepted  evidence  derived  from  trustworthy  records. 

The  interested  reader  is  referred  to  Dr  Hough’s  report,  which 
may  be  easily  obtained,  for  an  extended  discussion  on  this  point. 

Relation  of  forests  to  stream  flow.  The  extent  of  forestation 
has  probably  a considerable  effect  on  the  runoff  of  streams.  With 
similar  rainfalls,  two  streams,  one  in  a region  having  dense 
primeval  forests,  the  other  in  a region  wholly  or  partially 
deforested,  will  show  different  runoff.  The  one  with  the  dense 
forests  will  show  larger  runoff  than  the  stream  in  the  deforested 
area.  In  some  parts  of  the  State  of  New  York  these  differences 
may  amount  to  as  much  as  5 or  6 inches  in  depth  over  the  entire 
catchment  area.  Yet  it  must  be  said  that  this  proposition  is,  for 
the  present,  tentative  in  its  character. 

The  writer  is  particular  to  specify  dense  forests,  because  a good 
deal  of  discussion  has  clustered  around  this  point.  Of  such  for- 
ests, the  most  effective  are  those  composed  of  spruce,  pine,  and 
other  evergreen  trees.  Where  the  forest  is  more  or  less  open  to 
wind  and  sunshine,  its  effect,  while  considerable,  is  still  much  less 
marked  than  that  of  dense  evergreen  forests  where  the  sun  seldom 
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penetrates  and  the  wind  effect,  even  in  a gale,  is  only  slight.  On 
a catchment  area  where  there  are  onl}^  scattered  patches  of  forest, 
the  effect  is  practically  the  same  as  on  a deforested  area.  The 
same  proposition  is  generally  true  on  a catchment  with  young 
trees.  What  is  wanted  for  the  maximum  effect  is  a mature  ever- 
green forest. 

This  proposition,  however,  though  definitely  stated  here,  has 
been  nevertheless  the  subject  of  considerable  discussion,  and  owing 
to  its  complex  nature,  it  is  improbable  that  a final  conclusion 
concerning  it  will  very  soon  be  reached. 

The  subject  of  the  influence  of  forests  on  runoff  has  assumed 
considerable  importance  in  New  York  because  of  the  policy  of  the 
State  government  to  purchase  large  tracts  of  land  in  the  Adiron- 
dack and  Catskill  mountains  (1),  for  the  creation  of  extensive 
State  parks,  and  (2),  for  the  purpose  of  conserving  the  runoff  of 
the  streams  issuing  from  these  regions.  The  creating  of  State 
parks  is  commendable  and  does  not  enter  specially  into  the  present 
discussion,  but  whether  the  creation  of  forest  areas  in  the  Adiron- 
dack and  Catskill  mountains  will  materially  increase  stream  flow 
is  a question  on  which  wideh^  varying  views  have  been  expressed. 
It  is  proposed,  therefore,  to  give  an  indicatioii  of  the  probable 
bearing  of  forests  on  stream  flow,  and  in  order  to  make  the  dis- 
cussion as  valuable  as  possible,  numerical  values  will  be  used. 

The  Forest  preserve.  In  1803  the  Legislature  passed  an  act 
creating  the  Forest  preserve  and  the  Adirondiack  park.  The  For- 
est preserve  is  defined  as  including : 

The  lands  now  owned  or  hereafter  acquired  by  the  State  Avithin 
the  counties  of  Clinton,  except  the  towns  of  Altona  and  Danne- 
mora,  Delaware,  Essex,  Franklin,  Fulton,  Hamilton,  Herkimer, 
Lewis,  Oneida,  Saratoga,  St  Lawrence,  Warren,  Washington, 
Greene,  Ulster,  and  Sullivan,  except  (1),  lands  Avithin'  the  limits 
of  any  village  or  city;  and  (2),  lands,  not  Avild  lands,  acquired  by 
the  State  on  foreclosure  of  mortgages  made  to  the  commissioners 
for  loaning  certain  monej^s  of  the  United  States  usually  called  the 
United  States  deposit  fund.^ 


iCliap.  332,  laAvs  of  1893. 
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The  Adirondack  park.  The  Adirondack  x)ark  is  situated  within 
the  Forest  presei’ve.  It  is  defined  as : 

Lands  now  owned  or  hereafter  acquired  by  the  State  within 
the  county  of  Hamilton ; the  towns  of  Newcomb,  Minerva,  Schroon, 
North  Hudson,  Keene,  North  Elba,  Saint  Armand  and  Wilming- 
ton, in  the  county  of  Essex;  the  towns  of  Harrietsitown,  Santa 
Clara,  Altamont,  Waverly  and  Brighton  in  the  county  of  Franklin  ; 
the  town  of  Wilmurt  in  the  county  of  Herkimer;  the  towns  of 
Hopkington,  Colton,  Clifton  and  Fine,  in  the  county  of  St  Law- 
I’ence;  the  towns  of  Johnsburgh,  Stony  Creek  and  Thurman,  and 
the  islands  in  Lake  George,  in  the  county  of  Warren 
shall  constitute  the  Adirondack  park.  Such  park  shall  be  forever 
reserved,  maintained  and  cared  for  as  ground  open  for  the  free  use 
of  all  the  people  for  their  health  and  pleasure  and  as  forest  lands, 
necessary  to  the  preservation  of  the  headwaters  of  the  chief  rivers 
of  the  State,  and  a future  timber  supply;  and  shall  remain  part 
of  the  Forest  preserve.^ 

From  the  foregoing  it  may  be  seen  that  the  Forest  preserve  is 
much  more  extensive  than  the  Adirondack  park.  The  Adirondack 
park,  as  shown  on  the  accompanying  map,  includes  the  whole  of 
Hamilton,  and  parts  of  Warren,  Herkimer,  St  Lawrence,  Franklin 
and  Essex  counties,  and  includes  2,807,760  acres  (4387  square 
miles)  , or  about  one-eleventh  of  the  land  area  of  the  State.  In 
1893  the  lands  within  the  Adirondack  park  were  ciassified,  lot  by 


lot,  with  the  following  result : 

‘ 

Acres 

Square  miles 

Primeval  forest 

1,575,483 

2,461.7 

Lumbered  forest 

1,027,955 

1,606.2 

Denuded 

50,050 

78.2 

Burned  

13,430 

21.0 

Waste  

18,526 

28.9 

Water  

57,104 

89.2 

Wild  meadows 

495 

0.8 

Improved 

64,717 

101.1 

Total  

2,807,760 

4,387.1 

^Chap.  332,  laws  of  1893. 
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In  that  year  the  State  owned  1142.9  square  miles,  of  whirh  8G1.1  . 
square  miles  were  situated  within  the  lines  of  the  Adirondack 
park.  In  1897  the  Forest  Preserve  Board  was  created,  consisting 
of  three  members,  whose  duties  were  to  acquire  for  the  State,  hy 
purchase  or  otherwise,  land,  structures  or  water  in  the  territory 
embraced  in  the  Adirondack  park.  Under  this  act,  purchases 
were  made  within  the  limits  of  the  park,  between  May,  1897,  and 
January  1,  1900,  amounting  to  497  square  miles.  The  total  owned 
by  the  State,  therefore,  in  tlie  park  in  1900  was  1358.1  square 
miles.  There  are  101.1  square  miles  of  improved  lands  within  the 
lines  of  the  Adirondack  park.  It  is  not  proposed  to  purchase 
these  lands,  although  if  any  should  be  abandoned  or  offered  for 
sale  at  woodland  prices,  they  might  be  purchased  for  reforesting. 


The  soil  of  the  Adirondack  plateau  is  mostly  worthless  for  agri- 
culture. Over  a considerable  portion  of  the  region  frosts  occur  in 
every  month  except  July,  and  it  is  impossible  to  cultivate  any  of 
the  cereals  except  oats,  as  well  as  many  of  the  ordinary  crops  of 
the  lowlands.  Hay  is  the  principal  crop.  The  region  generally 
is  valuable  only  for  forestry  and  water  storage. 

- 1 rea  of  Forest  preserve.  The  following  area,  with  small  deduc- 
tion as  previously  noted,  is  included  in  the  Adirondack  Forest 


preserve : 

Essex  county 

Hamilton  county  ..  . 
Warren  county  . . . . 
St  Lawrence  county 
Franklin  county  ... 
Herkimer  county  . . . 
Clinton  county  . . . . 

Fulton  county 

Lewis  county 

Oneida  county 

Saratoga  county  . . . 
Washington  county 
Jefferson  county  . . . 


Square  miles 

1,92G 
1,745 
968 
2,880 
1,718 
1,745 
1,092 
544 
1,288 
1,215 
. ■ 862 
850 
1,868  ■ 


18,701 


Total 


TTYDROr.OGY  OF  NEW  YORK 


ITT 


Tlie  Oatskill  Forest  preserve  includes  the  following: 

Square  miles 


Delaware  county  1,5S0 

Greene  county  G86 

Ulster  county 1,204 

Sullivan  county  1.082 


Total  4,552 


Adding  the  area  of  the  Adirondack  Forest  ]>reserve  to  the 
area  of  the  Oatskill  Forest  preserve,  we  have  a total  of  22.253 
square  miles.  There  is,  however,  some  deduction  from  this,  but 
the  entire  area  is  over  20,000  square  miles.  The  total  land  area 
of  the  State  of  New  York  is  about  4T,620  square  miles.  Hence, 
we  reach  the  conclusion  that  the  originators  of  this  act  propose 
to  ultimately  reforest  perhaps  42  per  cent  of  the  total  land  area 
of  New  York. 

Catskill  park.  Thus  far  the  Oatskill  ]>ark  has  not  been  defined 
by  law,  although  considerable  time  has  been  spent  by  the  Super- 
intendent of  Forests  in  a personal  examination  of  the  Catskill 
region  in  order  to  determine  the  portion  best  adapted  to  forestry 
purposes.  For  the  present  the  ]>roposed  Catskill  park  includes 
T03  square  miles,  which  the  Forest  Preserve  Board  deems  advis- 
able to  purchase  in  this  region.  It -is  described  as  follows: 

This  area  includes  the  towns  of  Hardenburgh,  Shandaken,  Den- 
ning, Woodstock  and  the  westerly  portion  of  Olive  and  Rochester, 
in  Ulster  county;  the  greater  part  of  the  towns  of  Hunter  and 
Lexington,  in  Greene  county  ; that  portion  of  the  towns  of  Col- 
chester, Andes  and  Middletown,  in  Delaware  county,  which  lie 
south  of  the  Delaware  river;  and  that  part  of  the  towns  of  Never- 
sink  and  Rockland,  in  iSullivan  county,  which  are  situated  in 
great  lot  5 of  the  Hardenburgh  patent. 

This  area,  forming  the  proposed  Catskill  j)ark,  may  be 
described  also  in  a general  way  as  bounded  on  tlie  north  by  the 
Delaware  river,  Schoharie  creek,  and  the  line  of  the  railroad 
running  from  Hunter  to  Kaaterskill  station;  on  the  east  by  the 
line  of  the  Great  Hardenburgh  patent ; on  the  south  by  the  south- 
erly line  of  the  great  lot  5,  and  on  the  west  by  the  to\\Ti  line 
between  Lexington  and  Halcott. 
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lu  addition  to  the  territory  thus  outlined,  the  Board  is  willing 
to  make  purchases  of  forest  land,  if  offered  at  a reasonable  price, 
on  the  mountain  ranges,  including  the  iieaks  known  as  Black 
Head,  Black  Dome,  Thomas  Cole,  Acra  Point,  and  Windham  High 
Peak.  These  are  the  mountains  which  are  in  full  view  from  the 
Hudson  River  valley,  between  Hudson  and  Saugerties.  These 
ranges  could  not  well  be  included  in  the  boundary  previously 
referred  to,  as  they  are  separated  by  wide  valleys  that  are  entirely 
occupied  by  well-cultivated  farms,  several  villages  and  a large 
population.! 

The  preceding  figures  show  that  the  total  amount  of  land  in  the 
Adirondack  and  Catskill  parks,  proposed  to  be  purchased  and  held 
as  public  parks  forever,  is  5,090  square  miles.  As  regards  the 
purchase  of  these  lands  for  park  purposes,  the  writer  wishes  to 
express  the  fullest  sympathy,  but  as  regards  the  conservation  of 
streams  and  prevention  of  floods,  that  is  quite  another  question — 
one,  indeed,  permitting  of  somewhat  broad  discussion.  While  it  is 
conceded  that  forests  are  of  considerable  value  in  this  direction,  it 
is  nevertheless  believed  that  the  effect  has  been  overestimated. 

In  1901  the  purchase  of  lauds  by  the  Forest  Preserve  Board  was 
discontinued.  Governor  Odell  vetoing  the  appropriation  on  the 
ground  that  we  need  to  know  a great  deal  more  about  the  results 
and  effects  before  proceeding  further  on  these  lines.  Since  that 
veto  there  has  been  a good  deal  of  discussion,  but  without  much 
clarifying  the  subject. 

Effect  of  forests.  The  difference  in  runoff  between  a forested 
and  a deforested  area  in  New  York  State  may  be  taken  at  an 
average  of  5 inches.  That  is  to  say,  when  forested  with  dense 
forests  of  spruce,  pine,  balsam  and  hemlock,  the  runoff  will  be, 
roundly,  5 inches  per  year,^  more  than  it  will  when  deforested,  but 
in  order  to  secure  such  result  the  entire  catchment  area  of  a stream 
must  be  in  dense,  primeval  forest.  It  will  not  do  to  have  a few 
hundred  square  miles  at  the  headwaters  in  primeval  forest  and 


^From  4th  An.  Kept,  of  Forest  Preserve  Board,  p.  14. 

^The  average  annual  runoff  varies  from  about  23.20  inches  on  Hudson 
river  to  about  14.2  inches  on  Genesee  river.  Hence,  the  excess  runoff  due 
to  forests  is  21  per  cent  of  the  average  annual  runoff  on  Hudson  river  and 
35  per  cent  on  Genesee  river. 
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the  balance  deforested.  The  reason  why  dense,  primeval  forest  is 
specified  is  because  such  forest  acts  more  efficiently  as  a wind- 
breaker  than  does  an  open  forest.  It  has  been  common  to  assume 
that  even  when  the  soft  wood  (pine,  spruce,  hemlock,  etc.)  is 
removed  from  an  area  the  hard  wood  still  forms  about  as  efficient 
a covering  as  before  the  ’removal  of  the  soft  wood.  The  writer, 
however,  thinks  that  anybody  who  has  spent  much  time  in  the 
forest  will  understand  that  this  is  a mistake.  Certainly  during 
the  late  fall,  winter  and  early  spring,  a period  of  from  six  to  seven 
months,  when  the  leaves  are  absent  from  the  hard  woods,  they  are 
not  a very  efficient  wind-breaker,  although  without  doubt  consid- 
erably better  than  nothing.  As  an  estimate  based  on  judgment,  it 
is  considered  that  a hardwood  forest  is  not  equivalent  in  water 
protective  influence,  on  an  average,  to  more  than  50  per  cent  to  60 
per  cent  of  dense,  primeval  forests  of  spruce,  pine,  balsam  and 
hemlock.  Moreover,  the  weight  of  evidence  goes  to  show  that  the 
soft  wood  consumes  less  water  than  hard  wood. 

In  the  Adirondack  forest  beech,  maple,  birch,  elm,  ash  and 
other  har'd  woods  are  mingled  with  the  soft  woods  spruce,  pine, 
hemlock,  balsam  and  to  some  extent,  larch.  If  we  remove  the 
soft  woods,  we  have  done  two  things  to  lessen  the  protection  from 
evaporation : (1),  we  have  opened  up  the  area  for  the  admission  of 
wind,  which  by  itself  will  materially  increase  the  evaporation, 
consequently  leaving  less  water  to  run  off,  and  which  will  be 
specially  operative  during  the  six  or  seven  months  of  the  year 
when  the  leaves  are  absent  from  hardwoods;  and  (2),  we  have  left 
on  the  area  the  hard  woods,  which,  so  far  as  the  evidence  goes, 
consume  more  water  than  the  soft  woods.  The  writer  has  no  way 
of  proving  the  proposition,  but  assuming  that  the  data  as  to 
transpiration  of  hard  woods  as  compared  with  soft  woods  are 
measurably  true,  he  has  no  doubt  that  the  combined  effect  of 
transpiration  and  evaporation  will  be,  on  an  area  from  which 
the  soft  woods  have  been  removed,  from  2 to  2%  inches  more  than 
on  the  same  area  with  the  soft  woods  standing. 

We  have  seen  in  the  foregoing  that  the  area  of  the  Adirondack 
park  is  4387  square  miles,  of  which  a little  over  one-half  was,  in 
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1893,  primeval  forest,  while  the  balance  Avas  largely  lumbered 
forest — that  is  to  say,  forest  Avith  the  soft  Avoods  remoA^ed.  Prob- 
ably the  proportion  of  primeval  forest  is  someAvhat  smaller  at  the 
present  time,  and  may  be  taken  at  50  per  cent.  For  the  Avhole 
4387  square  miles,  Ave  may  say  that  the  forest  protection  is  now 
equivalent  to  3i4  inches  additional  runoff  due  to  the  coA^er,  If, 
therefore,  the  entire  Adirondack  park  Avere  reforested  aa  ith  dense 
primeA\al  forests,  Ave  might  expect  an  addition  of  an  inch  and  a 
half  per  year  in  the  runoff  from  this  area. 

On  reference  to  table  No.  61,  Knnoff  Data  of  Hudson  River  for 
tlie  AVater  Years  1888-1901,  InclusiA’e,  it  will  be  seen  that  the 
aATrage  runoff  per  year  for  fourteen  years  is  23.27  inches.  The 
maximum  runoff,  of  33.08  inches,  occurred  in  1892,  and  the  mini- 
mum, of  17.46  inches,  in  1895.  AATth  dense,  primeval  forests  over 
the  entire  area  of  the  Adirondack  park  we  may  expect  an  average 
of  about  24.75  inches  annual  runoff,  or  the  increase  of  about  6V2 
per  cent  over  the  present  runoff — an  amount  of  water  Avhich,  dis- 
tributed over  the  entire  A'ear,  as  it  will  be,  is  inappreciable  in  its 
influence  on  the  flow  of  streams. 

In  the  Catskill  region  the  soft  Avoods  have  long  since  disap- 
peared and  the  hard -wood  forest  is  mostly  open,  presenting  less 
satisfactory  protection  than  does  the  Adirondack  hard-AVOod 
forest.  It  is  doubtful  if  the  open  hard-Avood  forests  of  the  Cats- 
kill region  are  equiA^alent,  in  protective  effect,  to  over  25  per  cent 
to  30  per  cent  of  a dense,  primeval  forest  of  spruce,  ])ine,  balsam 
and  hemlock,  or  we  may  say  that  the  present  runoff  of  the  Cats- 
kill streams  is  only  an  inch  and  a half  more  than  it  avouUI  be 
if  the  region  Avere  substantially  deforested.  The  effect,  therefore, 
of  reforesting  Avith  soft  woods  would  be  to  increase  the  flow  of 
streams  annually  about  3%  inches  in  depth  over  the  area  actually 
reforested.  But  the  reforested  area  is  so  small  a proportion  of 
the  whole  area  that  the  total  effect  on  the  flow  of  any  giA^en  stream 
is  so  slight  as  to  be  scarcely  perceptible.  This  proposition  is  leit- 
erated  because  in  the  extensiv^e  discussions  of  this  question  which 
have  recently  appeared  it  has  been  tacitly  assumed  that  the  refor- 
estation of  the  Adirondack  park  Avould  haA’e  so  great  an  effect  on 
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11)0  streams  issuiug  therefrom  as  to  make  Avater  storage  in  New 
York  not  only  unnecessary  but  undesirable.  In  the  case  of  the  Hud- 
son river  there  is  perhaps  1500  square  miles  of  the  catchment  area 
Avithin  the  Adirondack  park,  Avhiclp  if  entirely  reforested,  Avould, 
as  Ave  have  seen,  increase  the  present  tioAv  of  the  stream  1% 
inches,  but  this  increase  of  li/^  inches  is  only  obtained  on  the 
1500  square  miles  actually  reforested.  The  catchment  area  of 
Hudson  riATr  aboA^e  Mechanicville,  the  point  where  the  gagings 
shoAvn  in  table  No.  01  have  been  made,  is  4500  square  miles.  The 
net  effect,  therefore,  at  this  point  is  only  one-half  inch  of  water, 
distributed  throughout  the  entire  year,  an  effect  which  is  inap- 
preciable. 

HoAveA^er,  there  is  another  consideration.  Owing  to  less  rainfall 
on  the  eastern  plateau  than  on  the  northern  plateau,  streams  in 
the  Catskill  region  do  not  floAV  as  much  as  those  in  the  Adiron- 
dacks.  As  Ave  liaA^e  seen,  the  average  floAV  of 'the  Hudson  river  for 
fifteen  years  is  23.27  inches.  Taking  the  difference  in  rainfall 
of  these  tAvo  districts  at  4 inches,  the  floAV  of  the  streams  in  the 
Catskill  region,  provided  forestation  were  equal  to  that  of  the 
Adirondacks,  would  be  over  19  inches.  But  taking  into  account 
the  existing  differences  in  forestation,  the  flow  of  streams  in  the 
Catskill  region  does  not  average  OA’er  16  or  17  inches  per  year. 
It  folloAvs,  therefore,  that  an  increase  of  3%  inches  in  the  Catskill 
region  is  relatively  of  more  value  than  a corresponding  increase 
in  the  Adirondack  region.  As  has  been  shown,  for  the  Adiron- 
dacks the  increase  of  1%  inches  is  equivalent  to  6^/^  per  cent  of 
the  present  annual  floAV  of  streams  issuing  from  that  region,  Avhile 
in  the  Catskills,  31/2  inches  is  equiA^alent  to  22i/^  per  cent  of 
the  present  annual  flow  of  streams.  Reforestation,  therefore, 
is  considerably  more  valuable  in  the  Catskills  than  it  is  in 
the  Adirondacks.  But  the  foregoing  does  not  mean  that  5 inches 
more  Avater  will  floAv  over  the  entire  area  of  the  streams 
issuing  from  the  Catskill  region,  but  only  from  that  portion 
of  the  region  on  Avhich  forest  has  been  restored.  As  we 
have  seen,  the  area  of  the  proposed  Catskill  park  is  703  square 
miles,  while  the  area  of  the  Catskill  Forest  preserve  is  about 
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4500  square  miles.  The  area,  therefore,  of  the  proposed  Catskill 
park  is  only  about  15  per  cent  of  the  area  of  the  Catskill 
Forest  preserve,  which  includes  the  catchment  area  of  the 
headwaters  of  the  streams  as  enumerated  on  a preceding 
page.  The  balance  of  the  territory  is  mostly  deforested,  and 
chiefly  in  use  for  grazing  purposes.  In  the  Catskill  region 
therefore,  the  forested  area  would  be,  on  this  basis,  about  1/7  of 
the  deforested,  or  the  real  effect  on  stream  flow  would  be  to  in- 
crease it  1/7  of  5 inches.  An  average  annual  increase  of  about 
0.7  of  an  inch  may  be  expected. 

Moreover,  if  forestation  is  valuable  in  increasing  stream  floAV, 
there  should  be  a number  of  other  forest  parks  in  various  parts 
of  the  State.  Genesee  river  issues  from  the  Allegheny  water  center. 
With  the  exception  of  a small  tract  of  timber  at  the  extreme 
headwaters,  this  stream  is  practically  deforested,  with  the  result, 
as  shown  by  table  Xo.  43,  Runoff  Data  of  Genesee  River,  that  the 
average  annual  runoff  for  a period  of  nine  years  is  only  14.2 
inches,  while  the  minimum  runoff  is  G.7  inches.  If  forestation  is 
specially  valuable  for  increasing  the  flow  of  a stream,  here  is  a 
marked  case  to  which  it  could  be  applied.  The  writer,  however, 
does  not  wish  to  be  understood  as  stating  that  forestation  is 
not  of  value,  and  he  cites  from  the  Genesee  River  Storage  Report^ 
the  following  specific  case,  showing  that  on  Genesee  river  foresta- 
tion has  value  in  increasing  the  summer  flow.  The  proposition 
is  that,  by  itself,  it  is  not  of  enough  value  to  justify  any  such 
expenditure  as  has  been  proposed.  The  benefits,  in  short,  are 
not  commensurate  with  the  expense. 

Gagings  of  the  low-water  flow  of  Genesee  river  were  made  by 
Daniel  Marsh,  C.  E.,  in  July  and  August,  1846,  and  the  quantity 
flowing  at  that  time  was  found  to  be  412  cubic  feet  per  second. 
Mr  Marsh  gives  this  figure  as  the  average  of  nine  gagings  made 
at  various  times  during  the  summer  of  1846.  The  meteorological 
records  of  western  New  York  for  the  years  1844-46  show  that  the 
period  covered  was  one  of  low  rainfall.  At  Rochester  the  rain- 
fall for  the  storage  period  of  1846  was  only  11.57  inches,  and 
the  total  for  the  year  was  36.03  inches  j in  1845,  the  total  for  the 


^3d  Genesee  River  Storage  Report,  .Tan.  1,  1897,  pp.  40-41. 
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3’ear  was  34. GG  inches,  while  in  1844,  we  have  for  the  storage 
period,  10.52  inches,  and  the  total  for  the  year  of  2G.4G  inches.  At 
Middlehnry  Academy,  for  the  storage  period  of  1845,  the  rainfall 
was  12.59  inches;  for  the  growing  period,  4.82  inches;  for  the 
replenishing  period,  8.G  inches,  and  the  total  for  the  year  was 
2G.01  inches.  The  record  for  the  3’ear  1846  at  Middlebur}^  Acad- 
emy is  not  given,  but  it  is  clear,  so  far  as  we  have  any  definite 
meteorological  record,  that  the  gagings  made  by  Mr  Marsh  were 
at  a time  of  very  low  water.  . 

Gagings  made  in  1895  show  that  in  the  month  of  July  the  flow 
at  Kochester  may  have  been  as  low  as  232  cubic  feet  per  second, 
and  in  September,  221  cubic  feet  per  second.  These  results  are 
derived  from  actual  gagings  at  Mount  Morris  by  comparison  of 
catchment  areas.  Taking  approximate  gagings  made  at  Eochester, 
at  the  Johnson  and  Seymour  dam,  for  the  same  year,  we  have  220 
cubic  feet  per  second  for  the  mean  of  the  month  of  October. 
Moreover,  gagings  made  at  the  racewaj^  of  the  Genesee  Paper 
Company  during  the  summer  of  1895  indicate  that  on  several 
occasions  the  floAv  was  less  than  200  cubit  feet  per  second.  The 
canal,  however,  was  low  during  these  years  and  was  drawing 
some  water  through  the  feeder  at  Rochester — probably,  on  an 
average,  about  50  cubic  feet  per  second.  We  have,  then,  a total 
low-water  flow  at  Rochester  of  about  250  cubic  feet  per  second 
during  the  jjeriod  July-October,  1895.  This  quantity  is  162  cubic 
feet  per  second  less  than  the  low-water  flow  of  1846,  as  deter- 
mined by  Mr  Marsh. 

The  catchment  area  of  the  Genesee  river  at  Mount  Morris, 
where  the  gagings  were  made,  is  1070  square  miles,  and  at  Roch- 
ester, with  deductions  for  the  area  at  Hemlock  lake,  used  as  a 
water  supply  for  Rochester,  etc.  2365  square  miles.  In  1846  the 
upper  Genesee  area  was  still  largely  in  forest — probably  for  the 
entire  area  above  Rochester  the  primeval  forest  was  from  50  per 
cent  to  60  per  cent  of  the  whole.^  We  have  here,  therefore,  a 

1 In  Allegany  county,  according  to  the  State  census  of  1856,  the  unim- 
proved area  was  GO  per  cent  of  the  whole,  but  in  Livingston  and  Monroe 
counties  it  was  considerably  less.  Since  the  rapid  removal  of  the  timber 
did  not  begin  until  after  the  construction  of  the  Erie  railroad,  it  is  con- 
sidered that  in  1846,  50  per  cent  to  GO  per  cent  is  not  far  from  right. 
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marked  case  where  the  deforestation  of  a large  area  has  mate- 
rially reduced  the  minimum  runoff,  but  it  should  not  be  over- 
looked that  of  the  total  area  of  23G5  square  miles,  55  per  cent 
was  still  in  dense,  primeval  forest,  consisting  over  a considerable 
})ortion  of  the  area  of  pine  and  hemlock.  The  cleared  area,  there- 
fore, was  onW  45  per  cent  of  the  whole,  or  1060  square  miles. 
Hence,  we  have  over  1300  square  miles  still  in  primeval  forest. 

The  writer  has  no  doubt  that  deforestation  not  only  decreases 
the  yield  of  streams,  but  may  increase  the  hight  of  floods  some- 
what. At  present  the  data  are  not  complete  enough  to  justify 
final  conclusions,  but  it  is  considered  that  the  effect  of  deforesta- 
tion is  more  marked  in  decreasing  the  yield  of  streams  than  in 
increasing  the  hight  of  floods.^ 

Apparently  this  view  occurred  to  the  original  framers  of  the 
Forest  law  of  1893,  because  they  provided  therein  for  a Forest  pre- 
serve of  over  20,000  square  miles,  and  should  this  amount  of  ter- 
ritory be  reforested,  it  would  undoubtedly  materially  assist  the 
.low-water  flow  of  the  streams  issuing  from  the  reforested  area, 
the  amount  of  assistanfie  on  any  particular  stream  being  in  pro- 
portion to  the  reforested  area  in  comparison  with  the  deforested. 
But  even  with  these  20,000  square  miles  of  territory  reforested, 
there  would  still  remain  27,600  square  miles  of  the  State  prac- 
tically deforested,  and  in  which  the  streams  are  exposed  to  low 
water  in  the  summer  and  destructive  high  water  in  the  late 
winter  and  spring.  The  conclusion  seems,  therefore,  irresistible 
that  if  reforestation  is  of  such  importance  for  5000  square  miles, 
it  is  of  more  importance  for  20,000  square  miles,  and  of  still 
greater  importance  for  the  entire  area  of  the  iState  of  47,600 
square  miles.  But  this  conclusion  reduces  to  an  absurdity.  The 
reforestation  of  the  whole  State  would  mean  not  only  very  mate- 
rial reduction  of  its  productive  capacity,  but  wmuld  mean  that  a 
large  proportion  of  the  population  must  move  to  other  states. 

In  rbgard  to  the  decrease  in  productive  capacity,  if  the  entire 
area  were  in  forests  it  would  produce  not  to  exceed  |2  per  acre 


^For  extended  discussions  see  3d  Genesee  Storage  Report 
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per  year^  in  the  Avay  of  forest  products;  or  since  for  47,G20  square 
miles  there  are  30,4'i'6,800  acres,  we  may  say  that  the  forest 
products  would  be  worth  about  101,009,000  per  year.  But  accord- 
ing to  the  United  States  Census  of  1900,  the  agricultural  jiroducts 
of  New  York  were  worth  |245,000.000  per  year,  or,  as  an  average, 
about  |8  per  acre.  It  is  absurd,  therefore,  to  discuss  the  refor- 
estation of  the  whole  State  of  New  York  in  order  to  increase  the 
low-water  flow  of  streams  and  to  decrease  the  bight  of  floods. 
^Vere  this  to  be  done  the  productive  capacity  of  the  State  would 
be  reduced  over  |180,000,000  per  year. 

The  long-time  element  in  forestry  may  also  be  taken  into  ac- 
count, and  the  following  statement  by  Mr  B.  E.  Fernow,  Director 
of  the  New  York  State  College  of  Forestry  of  Cornell  University, 
is  pertinent.^ 

The  one  thing  in  which  the  forestry  business  differs  from  all 
other  business  is  the  long-time  element,  for  it  takes  a hundred 
years  and  more  to  grow  trees  fit  for  the  use  of  the  engineer,  the 
builder  and  the  architect ; hence,  the  dollar  spent  now  in  its  first 
start  must  come  back,  with  compound  interest,  a hundred  years 
hence.  • 

In  view  of  this  statement  it  is  well  to  keep  in  mind  that  refor- 
estation will  be  substantially  without  effect  for  fifty  years  and 
of  only  partial  effect  in  one  hundred  years,  and  that  for  its  full 
effects  in  increasing  the  flow  of  a stream  about  one  hundred  and 
fifty  }ears  must  elapse.  In  many  parts  of  New  York  the  flood 
flows  of  streams  are  very  destructive — a conservative  estimate 
places  the  loss  in  1902  at  over  |3, 000, 000.  The  question,  therefore, 
may  be  asked.  Must  we  wait  from  one  hundred  to  one  hundred 
and  fifty  years,  while  forests  are  growing,  in  the  meantime  suffer- 
ing nearly  every  year  from  the  devastating  effects  of  extreme 
floods?  ^ 

Whatever  question  there  may  be  as  to  the  influence  of  forests 
on  rainfall,  there  is,  in  the  opinion  of  the  writer,  none  as  to  such 

^6th  An.  Kept  of  Poorest,  Fish  and  Game  Commission  of  New  York,  for 
1900,  p.  96. 

^The  Forester,  an  Engineer,  by  B.  E.  Fernow.  In  Jour,  of  Western  Soc. 
of  Engrs.,  Vol.  VI,  No.  5 (Oct.  1901). 
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influence  on  stream  flow.  Yet  this  proposition  has  also  been  dis- 
cussed pro  and  con  and  is  likeh^  to  give  rise  to  further  discussion, 
and  the  conclusion  will  therefore  for  the  present  he  considered 
tentative  in  its  character. 

It  seems  to  the  writer  that ‘the  removal  of  forests  decreases 
stream  flow  by  allowing  freer  circulation  of  the  air  and  by  caus- 
ing higher  temperature  and  lower  humidity  in  summer  and  so 
producing  greater  evaporation  from  water  surfaces,  as  well  as 
from  the  ground. 

That  the  removal  of  forests  renders  stream  flow  less  equal 
throughout  the  year  and  so  causes  floods  and  periods  of  dryness 
in  rivers  seems  to  be  beyond  reasonable  question,  for  the  forest 
litter  and  root  masses  serve  as  storage  reservoirs,  tending  to 
equalize  the  flow  of  streams. 

Space  will  not  be  taken  to  discuss  these  propositions,  because 
very  little  can  be  added  to  previous  discussions.  The  reader  is 
referred  to  the  Bulletin  No.  7,  of  the  Forestry  Division  of  the 
Department  of  Agriculture  on  Forest  Influences,  as  well  as  to  Dr. 
Hough’s  report  on  forests,  for  faiiily  complete  discussions. 

Forestation  of  the  Groton  catchment  area.  In  a papeF  read 
'before  the  American  Forestry  Association  in  1901,  Mr  Vermeule 
proposes  the  question  whether  the  forestation  of  the  catchment 
area  of  the  Croton  Avater  supply  is  advisable.  In  considering  this 
question  it  may  be  pointed  out  that  if  the  Croton  catchment  were 
forested,  there  is  no  probability  of  reaping  the  full  benefit  under 
from  75  to  150  }^ears. 

For  the  sake  of  the  argument  Ave  Avill  assume  that  on  this  catch- 
ment in  120  years  the  full  effect  of  forestation  Avould  be  realized. 
This  Avould  giA'e,  as  an  aA^erage,  an  increase  of  from  4 to  6 inches 
in  runoff.  For  the  purposes  of  this  discussion  Ave  may  assume  it 
at  5 inches. 

In  order  to  forest  the  catchment  it  Avould  be  necessary  to  acquire 
the  entire  area,  Avhich,  so  far  as  the  Avriter  can  ascertain,  could 
hardly  be  done  for  less  than  |100  per  acre.  Probably  the  price 
Avould  be  much  greater  than  this,  but  to  avoid  an  overestimate 

^New  Jersey  Forests  and  their  Relation  to  Water  Supply,  by  C.  C.  Ver- 
meule: The  Engineering  Record,  Yol.  XLII,  No.  1 (July,  1901). 
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it  may  be  fixed  at  |100  per  acre.  At  this  rate  the  catcUiiient  area 
of  339  square  miles  would  cost  |21,696,000.  The  planting  out  of 
trees  could  hardly  cost  less  than  |20  per  acre  additional,  but  in 
order  to  make  the  estimate  as  reasonable  as  possible  we  will  take 
it  at  |10  per  acre,  which  makes  an  additional  sum  of  |2, 169, 900, 
or  a total  of  |23, 865,900. 

, If  we  assume  the  annual  interest  at  3 per  cent,  and  place  this 
sum  at  compound  interest  for  120  years,  we  have  at  the  end  of 
that  time  the  sum  of  1779,510,000.  The  present  safe  yield  of  the 
Croton  catchment,  with  all  available  storage,  is  about  280,000,000 
gallons  per  day.  We  would  pay,  therefore,  this  large  sum  for, 
perhaps,  75,000,000  gallons  additional  per  diay  at  the  end  of  120 
years.  It  is  true  there  would  be  some  increase  in  water  supply 
after  about  30  years,  and  the  supply  might  be  expected  to  go  on 
increasing  until  the  average  increase  of  yield  was  attained  in  120 
years.  But  the  increase  in  water  supply  would  not  be  at  all 
commensurate  with  the  increase  of  capitalization.  It  is  very 
evident  that  an  expenditure  of  this  sum  of  money  would  procure 
a far  greater  quantity  of  water  from  other  sources.  Hence  it 
does  not  seem  expedient  to  suggest  the  forestation  of  the  Orotoii 
catchment  area  as  a method  of  obtaining  an  increased  water 
supply.  As  to  whether  it  is  desirable  to  reforest  this  area  as  a 
forestry  investment  is  another  question  which  is  not  discussed 
3)  ere. 

Another  objection  to  the  forestation  of  the  Croton  catchment 
as  a remedy  for  the  water  difficulties  of  New  York  city  may  be 
found  in  the  fact  that  a considerably  increased  water  supply  is 
wanted  at  once;  it  is  entirely  out  of  the  question  to  wait  120  years 
for  such  increased  supply. 

As  a broad  proposition,  however,  catchment  areas  from  which 
municipal  water  supplies  are  drawn  should  be  in  forests,  and 
undoubtedly  as  time  goes  on  this  condition  will  be  more  and  more 
attained.  Already  various  European  and  American  municipali- 
ties have  recognized  the  advisability  of  owning  the  catchments 
from  which  their  municipal  water  supplies  are  drawn.  From 
this  point  of  view  it  is  desirable  to  reforest  the  Croton  catchment. 
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Details  Concerning'  Tables  and  Diagrams 

Topographic  relations  of  catchment  areas  of  some  of  the  main 
streams  tahulatecl.  The  following  gives  an  outline  of  the  topog- 
raphy of  Muskingum,  Genesee,  Croton  and  Hudson  rivers. 

The  head^mters  of  Muskingum  river  lie  at  an  elevation  of  about 
1100  feet,  and  it  flows  into  the  Ohio  river,  near  Marietta,  at  an 
elevation  of  about  500  feet.  The  Muskingum  river  proper  has  a 
length  of  109  miles,  with  its  main  tributaries,  the  Walhonding  and 
the  Tusca'rawas,  having  an  additional  length  of  about  100  miles, 
thus  giving  the  basin  a length  of  200  miles.  From  the  head  of  the 
Tuscarawas  to  the  junction  of  the  two  main  tributaries  there  is 
a fall  of  about  2 feet  per  mile,  and  from  this  point  to  the  mouth 
of  the  main  ^luskinguni  the  descent  is  about  1.5  feet  per  mile.  On 
the  Walhonding  the  descent  is  more  rapid.  At  its  headwaters, 
near  ^lansfield,  the  stream  is  from  400  to  450  feet  above  what  it 
is  at  its  junction  with  the  Tuscarawas. 

The  Genesee  river  rises  in  Potter  county,  Pa.,  and  flows  in  a 
northerly  direction  across  the  State  of  New  York,  emptying  into 
Lake  Ontario  at  Kochester^  having  a total  length  of  about  115‘ 
miles.  Its  headwaters  are  at  an  elevation  of  over  2000  feet,  while 
Lake  Ontario  lies  at  a mean  elevation  of  247  feet.  This  stream  is 
specially  characterized  by  two  sets  of  falls.  The  three  falls  at 
Portage  have  an  aggregate  of  about  270  feet,  while  at  Kochester 
the  river  falls  263  feet,  also  in  three  falls,  with  some  intervening 
rapids.  This  stream  flows  for  several  miles,  at  Kochester  and 
Portage,  over  bare  rocks. 

The  Croton  river  flows  into  the  Hudson  at  Croton  Landing  at  an 
elevation  of  practically  tidewater.  Its  extreme  headwaters  in 
Dutchess  county  are  at  an  elevation  of  about  700  feet  above  tide. 
Its  length  is  about  35  miles. 

Hudson  river,  at  Mechanicville,  is  about  60  feet  above  tide,  while 
at  its  extreme  headwaters  it  is  about  3400  feet  above  tide  level. 
The  catchment  area  above  Glens  Falls  is  from  40  to  50  miles  from 
east  to  west  and  from  60  to  65  miles  from  north  to  south.  Below 
Glens  Falls  the  catchment  extends  well  into  southern  Vermont 
and  Massachusetts.  The  length  of  the  stream  above  Mechanic- 
ville is  from  120  to  125  miles. 


HYDROLOGY  OF  NEW  YORK 


189 


Family  resemhlance  of  streams.  In  tables  Nos.  42,  43,  G1  and 
66  we  have  the  mean  rainfall,  rnnolf  and  eva])oration  of  the 
storage,  growing  and  replenishing  periods  for  Muskingum,  Gen- 
esee, Croton  and  Hudson  rivers.  Those  tables  show  what  may 
be  termed  the  family  msemblance  between  streams.  For  instance, 
for  the  Muskingum  and  Genesee  rivers  the  mean  rainfall  of  the 
storage  period  is  about  19  inches,  with  a runoff  of  about  10  inches 
and  an  evaporation  of  about  9 inches.  For  the  growing  period 
the  mean  rainfall  of  each  of  these  two  streams  is  about  12  inches, 
with  runoff  1.7  inches  and  evaporation  10  inches.  For  the  replen^ 
ishing  period  the  mean  rainfall  of  each  is  about  9 inches,  with 
runoff  about  2 inches  and  evaporation  7.5  inches.  The  total  rain- 
fall of  the  whole  year  is  40  inches  for  each  stream — ^^runoff  13.5 
inches  and  evaporation  26.5  inches. 

The  Croton  river  has  a much  higher  rainfall.  Twenty-four 
inches  in  the  storage  period  produces  17  inches  of  runoff,  with  an 
evaporation  of  7 inches.  From  13.6  inches  of  rain  in  the  summer 
we  have  2.6  inches  of  runoff,  with  11  inches  of  evaporation.  The 
rainfall  for  the  year  is  49.4  inches,  or,  say,  9 inches  more  than  for 
Muskingum  and  Genesee  rivers.  The  runoff  is  also  about  9 inches 
in  excess  of  that  of  these  two  streams.  The  evaporation  is,  how- 
ever, the  same,  pointing  very  strongly  to  a similar  cause. 

The  Hudson  river  shows  apparently  the  effect  of  an  impermeable 
catchment,  combined  with  a large  forest  area.  It  has  a mean 
annual  rainfall  of  44.2  inches,  yielding  23.3  inches  runoff,  with 
20.9  inches  evaporation.  For  the  storage  period  20.6  inches  rain- 
fall yields  16.1  inches  runoff,  with  4.5  inches  evaporation.  For 
the  growing  period  12.7  inches  rainfall  yields  3.5  inches  runoff, 
with  9.3  inches  evaporation.  For  the  replenishing  period  10.9 
inches  rainfall  yields  3.7  inches  runoff  and  7.1  inches  evaporation. 

The  classification  here  given  is  experimental  merely,  and  is 
subject  to  modification  with  the  gathering  of  more  complete 
data.i 

In  the  foregoing  the  classification  is,  with  the  exception  of 
^luskingum  river,  not  only  limited  to  the  State  of  New  York  but 

iFor  more  extended  discussion  of  classification  of  streams  see  paper  on 
Relation  of  Rainfall  to  Rnnoff. 
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is  fiiTtlier  mostly  limited  to  streams  with  considerable  length  of 
record. 

Description  of  Miisldngum , Genesee,  Croton  and  Hudson  rivers. 
Table  42  gives  the  rainfall^  runoff,  and  evaporation  of  the  storage, 
growing  and  replenishing  periods,  as  well  as  4he  total  of  these 
three  items,  on  the  Muskingum  river,  for  the  years  1888-1895, 
inclusive.  The  minimum  year  was  1895,  the  total  runoff  being 
4.90  inches.  The  maximum  occurred  in  1890,  with  a total  runoff' 
of  26.84  inches.  The  mean  runoff  for  the  entire  period  is  13.1 
inches. 

Table  43  gives  the  same  facts  for  the  Genesee  river  for  the  years 
1890-1898,  inclusive.  In  this  table,  for  the  years  1890-1892,  the 
record  of  Oatka  creek  which  was  gaged  by  the  writer,  has  been 
used.  For  a portion  of  1893  the  results  are  computed.  The  dam 
at  Mount  Morris,  at  which  gagings  were  taken,  was  carried  away 
by  a flood  early  in  1897,  and  for  the  years  1897  and  1898  the 
gaging  record  has  been  deduced  by  comparison  of  the  rainfalls 
with  those  at  'Rochester,  where  gagings  are  kept  by  the  City  Engi- 
neer. The  results,  aside  from  those  for  the  years  1894-1896,  must 
be  considered  somewhat  approximate,  although  probably  within 
10  per  cent  of  the  truth.  The  mean  evaporation  for  the  years 
1894-1896  was  27.21  inches. 

Tables  66  and  67  exhibit  the  rainfall,  runoff,  and  evaporation  of 
the  storage,  growing,  and  replenishing  periods  for  Croton  river, 
from  1868-1899,  inclusive,  a period  of  thirty-two  years.  This  record 
lias  been  revised  as  per  experiments  at  Cornell  University,  described 
by  John  R.  Freeman,  member  American  Society  Civil  Engineers,  in 
his  report  to  the  Comptroller  in  1900.  As  shown  by  Mr  Freeman, 
the  rainfall  record  from  1868-1876,  inclusive,  is  not  very  reliable, 
and  accordingly  two  sets  of  means  are  given.  The  mean  rainfall 
from  1868-1876,  inclusive,  was  45  inches,  the  mean  runoff  23.37 
inches,  and  the  mean  evaporation  21.63  inches.  For  the  second 
period  the  rainfall  from  1877-1899,  inclusive,  has  been  so  ration- 
ally treated  by  Mr  Freeman  as  to  leave  nothing  to  be  desired.  The 
means  for  this  second  period  are:  rainfall,  49.33  inches;  runoff, 
22.81  inches,  and  evaporation,  26.52  inches.  A comparison  of 
these  two  sets  of  means  shows  how  dangerous  it  is  to  draw  final 
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coiK'hisioiis  from  data  about  wlndi  there  is  considerable  doubt. 
Tlie  i-aiiifall  differs  by  4.33  inches  and  the  evaporation  by  4.89 
inches,  or  from  20  ])er  cent  to  25  j)er  cent. 

In  ])reparin«>:  tliese  tables  the  figures  of  table  No.  26  of  Mr.  Free- 
man’s report  have  been  used.  This  table  is  in  million  gallon's'  per 
24-honr  day,  and  has  been  reduced  to  inches  per  month  on  the 
'catchment  area  of  338.8  square  miles.  The  following  gives  the 
water  surfaces  exposed  to  evaporation  at  different  periods : 


It  may  at  first  thought  be  imagined  that  these  large  water  sur- 
faces exposed  to  evaporation  have  considerably  increased  the 
ground  evaporation  over  the  entire  catchment.  When,  however, 
one  considers  that  it  is  only  the  difference  between  what  a water- 
surface  evaporation  and  what  a ground-surface  evaporation  would 
be,  the  difference  is  seen  to  be  not  very  much.  For  instance, 
assuming  the  water-surface  evaporation  at  36  inches  per  year  and 
the  ground  surface  evaporation  at  27  inches  per  year,  the  differ- 
ence becomes  9 inches.  With  12  square  miles  of  water  surface  in 
1900,  giving  3.56  per  cent  of  the  whole,  the  excess  of  water-surface 
evaporation  over  ground-surface  evaporation  is  0.32  of  an  inch,  a 
quantity  which  is  so  far  within  the  limit  of  possible  error  in  other 
directions  as  to  be  negligible.  At  the  most,  taking  the  catchment 
area  at  338.8  square  miles,  it  would  only  reduce  the  evaporation 
from  26.5  inches  to  26.2  inches. 

The  minimum  year  in  this  table  is  seen  to  be  1880,  when  only 
13.71  inches  ran  off.  In  1883  the  runoff  was  also  very  low,  being 
only  13.74  inches. 

Table  61  gives  the  rainfall,  runoff,  and  evaporation  of  the  stor- 
age, growing,  and  replenishing  periods  for  the  Hudson  river  area 
for  a period  of  14  years,  from  1888-1901,  inclusive.  The  minimum 


Per  cent 


6.9  square  miles,  1878-1891, 

8.4  square  miles,  1891-1893, 

9.5  square  miles,  1893-1895, 

11.0  square  miles,  1895-1897, 

12.0  square  miles,  1897-1900, 


5.8  square  miles,  1868-1873, 

6.2  square  miles,  1873-October,  1878, 


= 1.73 
= 1.83 
= 2.03 
= 2.48 
= 2.82 
= 3.28 
= 3.56 
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year  was  1895,  when  36. C7  inches  of  rainfall  yielded  17.46  inches  as 
runoff  in  the  stream. 

Description  of  diagrams.  We  may  now  consider  a few  of  the 
large  number  of  diagrams  which  have  been  prepared. 


Fig.  5 Diagram  showing  relation  between  precipitation,  evaporation, 
runoff  and  temperature  on  the  Uj^per  Hudson  river. 

Fig.  5 shows,  for  the  Upper  Hudson,  precipitation,  evaporation, 
runoff,  and  mean  annual  temperature  for  the  years  1888-1901, 
inclusive,  platted  in  the  natural  order. 
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Fig.  6 shows,  for  the  same  area,  evaporation  and  mean  annual 
lemj)oratiire,  ])latted  in  tlie  order  of  evaporation. 


Fig.  6 Diagram  showing  the 
relation  between  evaporation  and 
temperature  on  the  Upper  Hudson 
river,  the  years  being  arranged 
according  to  the  amount  of 
evaporation. 


Fig.  7 Diagram  showing  the 
relation  between  precipitation, 
runoff,  evaporation  and  temi^er- 
ature  on  the  Upper  Genesee  river, 
the  years  being  arranged  in  order 
of  dryness. 


Fig.  7 shows,  for  the  Upper  Genesee,  precipitation,  evaporation, 
runoff,  and  mean  annual  temperature,  platted  in  the  order  of  the 
precipitation. 
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Fig.  S shows,  for  the  Muskiiigimi  river,  precipitation,  evapora- 
tion, runoff,  and  mean  annual  temjiorature,  ])latted  in  the  order 
of  the  precipitation. 


Fig.  8 Diagram  showing  the  relation  between  the  precipitation,  runoff,, 
evaporation  and  temperature  on  the  Muskingum  river,  Ohio,  the  years 
being  arranged  in  order  of  dryness. 

On  fig.  9 the  relation  between  precipitation  and  runoff,  for  the 
Upper  Hudson,  has  been  expressed  by  the  formula  P"=84.5  K. 
These  diagrams  (figs.  5 to  14)  all  show,  together  with  many 
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Fig-.  9 Diagram  showing  the  relation  between  the  precipitation  and  runoff, 
in  inches,  on  the  Upper  Hudson  river. 


Fig.  10  Diagram  showing  the  relation  between  the  precipitation  and  runoff, 
in  inches,  on  tlie  Upper  Hudson  river,  expressed  by  exponential  formula. 
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Fig.  11  Eunoff  diagram  of  Hudson  and  Genesee  rivers. 


HYDROLOGY  OF  NEW  YORK 


107 


others  not  here  published,  that  there  is  no  definite  relation  between 
evaporation  and  mean  annual  temperature. 

Exponential  formula.  On  fig.  10  this  relation  is  expressed  by 
an  exponential  formula,  after  the  manner  proposed  by  Mr  Fitz- 
Gerald in  his  paper.  Flow  of  Water  in  48-inch  Pipes.^  iSuch  a 
eurve  has  the  advantage  that  it  is  the  best  approximation  possible 
to  obtain  from  the  given  data.  It  will  be  noticed  that  it  differs 
slightly  from  the  curve  of  fig.  9.  At  30  inches  rainfall  this  differ- 
ence amounts  to  about  1.3  inches  of  runoff. 

While  on  the  subject  of  exponential  formulas  it  may  be  re- 
marked that  their  chief  advantage  lies  in  the  possibility  of  taking 
any  set  of  data  and  deducing  the  curve  which  best  suits  the 
conditions. 

Description  of  runoff  diagrams.  Fig.  11  is  a runoff  diagram  of 
the  irudson  and*  Genesee  rivers,  Hudson  river  for  1888-1901,  in- 
clusive, and  Genesee  river  for  1890-1898,  inclusive.  In  preparing 
this  and  the  following  diagrams  it  is  considered  that  if  both  run- 
off and  precipitation  were  correctly  measured  the  points  would 
fall  in  a regular  curve  approximateh^  like  those  shown  on  figs.  9 
and  10.  Such  diagrams  may  therefore  be  taken  as  a criterion  of 
the  accuracy  with  which  the  observations  have  been  made.  It  is 
easier,  however,  to  measure  the  runoff  than  it  is  to  measure  the 
precipitation,  and  hence  when  large  variation  occurs,  as  it  does 
in  these  several  diagrams,  we  may  first  look  for  it  in  the  pre- 
cipitation records.  As  regards  the  Hudson  area,  it  has  been  the 
writer’s  custom  to  take  the  rainfall  of  the  northern  plateau  of 
the  Htate  Weather  Bureau  as,  on  the  whole,  best  representing  the 
rainfall  of  the  Upper  Hudson  area.  With  the  exception  of  the 
years  1899  and  1900  the  points  all  fall  within  from  an  inch  to 
an  inch  and  a half  of  the  curve.  Those  two  years  have,  however, 
been  computed  by  a less  accurate  method  than  the  preceding 
ones.  It  is  concluded,  therefore,  that  aside  from  1899  and  1900 
the  curves  represent  the  rainfall  and  runoff  of  the  Hudson  and 
Genesee  rivers  with  considerable  accuracy. 

Fig.  12  shows  in  a similar  manner  a runoff  diagram  for  Mus- 
kingum river  from  1888  to  1895,  inclusive. 

^ Trans.  Am.  Soc.  C.  E.,  Vol.  XXXV,  p.  241. 
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•Fig.  12  Runoff  diagram  of  Muskingum  river. 
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Fig.  18  Runoff  (liagTUiii  of  Croton  river. 
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Fig.  13  is  a diagTaiii  of  the  revised  gagings  of  Croton  river  from 
1877  to  1899,  inclusive. 

The  maximum,  minimum,  and  mean  runoff  may  be  obtained 
from  the  tabulations  on  each  figure. 

It  is  evident  that  proceeding  in  the  same  way  as  for  the  fore- 
going diagrams,  figs.  11  to  13, inclusive,  diagrams  may  be  prepared 
for  the  storage,  growing,  and  replenislwng  periods,  and  a curve 
drawn  from  which  the  runoff  for  a given  rainfall  may  be  taken. 


4 

Fig.  14  Diagram  showing  the  relation  between  precipitation 
and  runoff  in  the  Up])er  Hudson  river  catchment  during  tlie 
storage  period. 

Fig.  14  is  such  a diagram  for  the  storage  period  on  the  Upper 
Hudson  river  for  the  years  1888-1901,  inclusive.  This  diagram 
shows  that  aside  from  the  years  1890  and  1894  the  runoff  o^  this 
catchment  area  was  substantially  accurate  during  the  storage 
period.  It  is  probable  that  in  these  two  years  their  accuracy 
may  have  been  interfered  with  by  ice,  although  just  the  cause  is 
not  definitely  known — it  may  have  been  in  the  rainfall. 

Fig.  15  is  a similar  diagram  for  the  Upper  Hudson  river  during 
the  growing  period  for  the  same  years.  This  diagram  shows  that 
aside  from  1897,  the  runoffs  were  substantially  right  during  this 
period. 
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Fig.  16  is  a similar  diagTam  for  the  Upi)er  Hudson  during 
the  replenishing  period  for  the  same  years.  This  diagram  shows 
that  in  1890  and  1900  there  was  a discrepancy,  which,  as  in  the 
previous  cases,  was  presumably  in  the  j)recipitation  of  that  period. 


UPPER  HUDSON  RIVER  % 


Crowing  period 
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Fig.  15  Diagram  showing  the  relation  between  the  precipitation 
and  runoff  in  the  Upper  Hudson  river  catchment  during  the 
growing  ]-»eriod. 


Fig.  16  Diagram  showing  the  precipitation  and  runoff  in  the 
Upper  Hudson  river  catchment  during  the  replenishing  period. 

Proceeding  on  similar  lines,  the  writer  prepared,  several  years 
ago,  a series  of  curves,  from  which  the  monthly  runoffs  may  be 


202 


NEAV  YORK  STATE  MUSEUM 


taken.  But,  unfortunately,  owing*  to  negative  evaporation  in  the 
storage  period,  the  individual  months  of  that  period  were  too  dis- 
cordant for  publication.  The  writer,  therefore,  does  not  give 
any  such  diagrams  in  this  connection.  His  present  view  is  that, 
for  the  reason  stated,  they  can  not  be  safely  used. 

Qpe  or  two  general  conclusions  of  some  interest  may  be  drawn 
from  figs.  11  to  13,  inclusive.  Taking  tlie  extreme  low  water  as 
represented  by  the  year  ISO.!,  on  Muskingum  river,  at  4.9  inches 
for  the  whole  year,  with  a rainfall  of  29.8  inches,  it  is  interesting 
to  observe  that  in  the  preceding  year  of  1894,  there  was  a total 
runoff  of  8.7  inches,  with  a total  rainfall  of  30.5  inches.  That  is 
to  say,  the  rainfall  for  the  year  1894  was  0.7  inch  greater  than 
in  1895,  but  the  runoff  was  3.8  inches  greater.  This  extreme 
difference  may  be  ascribed  to  the  difference  in  the  hight  of  ground 
water.  In  1895  ground  water  stood  much  lower  than  in  1893, 
with  the  result  of  a lower  runoff. 

On  fig.  11.  for  the  Genesee  river,  Avith  a preci])itation  of  30 
inches,  the  runoff'  is  found  to  be  0 inches,  while  on  fig.  8,  with  a 
precipitation  of  30  inches,  runoff  ordinarily  may  be  expected  to 
be  about  8 inches.  This  statement  is  made  on  the  assumption 
that  the  curve  is  drawn  in  a mean  position,  or  in  such  a way  as 
to  give  average  mean  results,  but  it  should  not  be  overlooked  that 
Muskingum  river  observations  are  too  few  to  draw  absolute  con- 
clusions. Tlie  diagram,  fig.  12,  shows  that  there  is  some  lack  of 
accuracy  in  at  least  one-half  of  them. 

Fig.  11  shows  that  on  Hudson  river,  if  during  any  year  the  total 
rainfall  should  sink  to  30  inches,  the  runoff  may  be  expected  to 
be  somewhat  less  than  10  inches,  though  the  modifying  effect  of 
full  or  low  ground  water  may  be  taken  into  account  in  reaching 
such  conclusion.  Probably  there  would  be,  due  to  elevation  of 
ground  water,  a variation  of  perhaps  2 inches. 

On  the  diagram  of  Croton  river,  fig.  13,  it  is  also  seen  tliat  30 
inches  precipitation  may  be  expected  to  produce  a little  less  than 
7 inches  of  runoff,  showing  also  that  this  stream  has  substantially 
the  characteristics  of  Genesee  river. 
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In  all  of  the  foregoing  statements  as  to  minininm  riuiotf,  it 
slionld  be  understood  that  the  actual  quantity  appearing  in  the 
stream  as  runoff  from  a given  precipitation  will  vary,  de]>ending 
on  whether  ground  water  is  high  or  low  at  the  beginning  of  the 
period  considered.  All  such  statements,  therefore,  are  necessarily 
ap])roxiniate — they  may  have  a j)lus  or  minus  variation  from  the 
diagram  of  one  or  two  inches.  I'ossibly  the  maximum  variation 
may  be  more  than  this. 

R1A  EH,  SYSTE31S 

CIassific((fion  of  rims.  The  rivers  of  the  State  may  be  classi- 
fied into  seven  general  systems,  whose  relative  position  is  shown 
b}’  the  accompanying  map,  fig.  IT.  These  are: 


Fig.  17  Map  of  rivers  of  New  York. 
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1)  St  Lawrence  sjsteiii,  wliicli  fnclndes  all  waters  draining  to 
Lakes  Erie  and  Ontario,  and  Niagara  and  St  Lawrence  rivers. 

2)  Champlain  system,  including  all  streams  in  the  State  tribu- 
tary to  Lakes  Champlain  and  George.  The  Champlain  system  is 
in  reality  a subdivision  of  the  St  Lawrence,  but  made  separate 
here  merely  for  convenience  in  discussing  the  river  systems  of  the 
State. 

3 ) Hudson  river  system,  including  all  streams  tributary  to  the 
Hudson  and  its  main  branch,  the  Mohawk. 

4)  Allegheny  river  system. 

5)  Susquehanna  river  system. 

6)  Delaware  river  system. 

7)  The  streams  of  Long  Island  tributary  to  Long  Island  sound 
and  the  Atlantic  ocean. 

The  Ten  Mile  river,  one  of  the  headwaters  of  the  Housatonic 
river  in  Connecticut,  flows  out  of  the  State  to  the  east,  while  the 
headwaters  of  Ramapo  river,  in  Rockland  county,  flow  from  New 
York  into  New  Jersey.  These  latter  are  of  possible  future  im- 
portance by  reason  of  the  necessity  of  water  for  the  supply  either 
of  Greater  New  York  or,  in  the  case  of  Ramapo  river,  also  for  the 
municipalities  of  northern  New  Jersey.  Chateaugay  river  and 
tributaries  of  the  St  Lawrence  also  flow  northward  into  the 
Dominion  of  Canada. 

St  Lawrence  River  System 

This  group  embraces  the  streams  tributary  to  Lake  Erie, 
Niagara  river,  Lake  Ontario  and  St  Lawrence  river.  On  the 
extreme  southwest,  in  Chautauqua  county,  the  watershed  line 
approaches  within  a few  miles  of  Lake  Erie,  but  at  an  elevation 
of  several  hundred  feet  above,  and  as  a consequence  the  streams 
are  short  and  rapid.  A small  amount  of  power  is  developed  on 
Chautauqua  creek  at  Westfield,  and  on  Canadaway  creek  near 
Fredonia.  Cattaraugus,  Buffalo,  Tonawanda  and  Oak  Orchard 
creeks  are  tributaries  of  Lakes  Erie  and  Ontario  and  Niagara 
river  in  western  New  York.  Buffalo  creek  is  important  as  form- 
ing a large  portion  of  Buffalo  harbor  at  its  mouth.  Several  of 
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tlieso  streams  will  be  discussed  in  detail  on  a later  paj;e.  Tona- 
A\anda  creek,  which  flows  into  Niagara  river  at  Tonawanda,  is 
used  for  several  miles  as  a part  of  Erie  canal.  This  stream  is 
sluggish  throughout  nearly  its  whole  course  and  affords  only  a 
small  amount  of  power.  The  water  supply  of  the  village  of  Attica 
is  taken  from  its  headwaters. 

Lake  Erie  and  'Niagara  river  drainage.  There  are  a number  of 
streams  tributary  to  Lake  Erie  and  Niagara  river,  but  with  the 
exception  of  Cayuga,  Buffalo  and  Cazenovia  creeks,  which  unite 
to  form  Buffalo  river,  within  the  city  of  Buffalo,  Eighteen  Mile 
creek  (tributary  to  Lake  Erie),  Cattaraugus  creek,  Tonawanda 
creek  and  Ellicott  creek,  none  of  these  streams  are  \erj  large. 
The  catchment  areas  of  these  different  streams,  as  determined 
from  Bien’s  atlas,  are  as  follows : 

Square  miles. 


Cayuga  creek 127 

Buffalo  creek 145 

Cazenovia  creek ^ 141 


Below  the  junction  of  these  several  streams  Buffalo  river  has 
a catchment  of  about  7 square  miles,  making  a total  of  420  square 
miles.  The  following  are  the  catchment  areas  of  the  remainder 
of  the  streams  tributary  to  Lake  Erie  and  Niagara  river : 

Square  miles. 


Smoke  creek 25 

Big  Sister  creek 50 

Muddy  creek 15 

Cattaraugus  creek . 560 

Walnut  creek.  Silver  creek 60 

Canadaway  creek 35 

Chautauqua  creek 32 

Tonawanda  creek,  Ellicott  creek 610 


Cayuga  creek.  Cayuga  creek  rises  in  the  western  part  of 
Wyoming  county  and  flows  through  generally  level  country  to  its 
junction  with  BufiCalo  creek.  Buffalo  creek  also  rises  in  the  west- 
ern part  of  Wyoming  county  and  flows  westerly.  Its  headwa+:r? 
are  at  an  elevation  of  about  1500  feet  above  tide. 
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Cazaiovia  crccl\  razenovia  (Teek  rises  in  the  extreme  south- 
western part  of  Erie  ronnty  and  hows  in  a northerly  direction  to 
its  junction  with  Butialo  creek,  to  form  Buffalo  river.  The  head- 
Avaters  of  this  stream  are  in  hilly  country. 

Eighteen  Mile  creel:.  Eighteen  Mile  creek  flows  into  Lake  Erie 
about  eleven  miles  Avest  of  the  city  of  Buffalo.  It  rises  in  the 
south  part  of  Erie  county. 

Cattaraugus  creek.  Cattaraugus  creek  is  the  boundary  line 
betAveen  Erie  and  Cattaraugus  counties.  Its  main  branch  rises 
in  the  soutliAvestern  part  of  Wyoming  county.  Its  course  is  gen- 
erally AA^est  and  nortlnvest.  The  elevation  of  its  headAvaters  is 
about  1600  feet  to  1800  feet  aboA'e  tide. 

Smoke  creek,  Big  Sister  creek.  Muddy  creek,  Silver  creek,  Wal- 
nut creek,  Canadaway  creek  and  Chautauqua  creek  are  none  of 
them  very  important  streams. 

Tonaicancla  creek.  ToiniAvanda  creek  rises  in  the  western  part 
of  Wyoming  county,  Hoavs  northerly  through  Attica  to  Batavia 
and  thence  Avesterly  to  the  Niagara  river  at  TonaAvanda,  at  Avhich 
jdace  its  chief  tributary,  lillicott  creek,  joins  the  main  stream. 
Eor  the  first  thirty  miles  of  its  Ooav  the  creek  drains  hilly  and 
rolling  country,  having  a sharp  descent.  Its  extreme  headAvaters 
in  Wyoming  county  are  at  an  elevation  of  about  1200  feet.  From 
Batavia  to  TonaAvanda,  a distance  of  nearly  sixty  miles  by  the 
stream,  the  topography  is  flat,  having  a total  fall  betAveen  these 
l)oints  of  about  310  feet.  A considerable  portion  of  the  catch- 
ment area  of  this  section  is  not  only  flat  and  marshy,  but  also 
narrow.  BetAveen  Batavia  and  TonaAvanda  the  creek  has  been 
modified  by  tAvo  artificial  interruptions:  (1),  by  the  diversion  of 
a ])ortion  of  its  Avater  through  a diA^ersion  channel  into  Oak 
Orchard  creek,  from  Avhich  Avater  is  draAvn  to  the  Erie  canal  at 
Medina;  and  (2),  at  TonaAvanda  the  creek  is  artificially  raised  by 
the  State  dam  and  the  stream  canalized  and  used  as  a ])art  of 
Erie  canal  for  a distance  of  tAv^eh^e  miles  to  Pendleton.  The  major 
portion  of  the  water  supply  of  the  Avestern  division  of  the  Erie 
canal  is  drawn  from  Lake  Erie  through  this  canalized  portion  of 
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Toiiawaiida  creek.  It  will  be  noticed  that  the  current  of  Toiia- 
wanda  creek  is  reversed  here  for  twelve  miles. 

The  Tonawanda  creek,  in  its  relation  to  Oak  Orchard  creek, 
will  now  be  briefly  discussed.  Although  Tonawanda  creek  is  not 
a tributary  of  this  catchment,  the  fact  that  the  catchment  areas 
are  merged  into  one  another,  and  also  owing  to  the  fact  that  a 
portion  of  the  water  of  Tonawanda  creek  is  diverted  into  the  Oak 
Orchard  swamp  by  the  Oak  Orchard  feeder,  makes  it  necessary  to 
discuss  it  briefly  here. 

The  dam  diverting  water  into  the  Oak  Orchard  creek  is  about 
one-half  mile  east  of  the  west  line  of  Genesee  county.  From  the 
])oint  where  the  Tonawanda  creek  crosses  this  western  boundary 
the  creek  is  the  boundary  between  Erie  and  Niagara  counties. 
The  fall  in  Tonawanda  creek  from  Batavia  to  Oak  Orchard  dam 
is  about  2G0  feet.  From  the  Oak  Orchard  dam  to  Pendleton, 
where  the  Erie  canal  leaves  Tonawanda  creek,  the  fall  is  about 
45  feet.  On  this  portion  the  channel  is  extremely  sinuous,  the 
total  length  of  the  channel  between  Oak  Orchard  dam  and  the 
canal  being  29  miles,  while  the  direct  distance  is  15  miles. 

Niagara  river.  Niagara  river  forms  a portion  of  the  boundary 
between  the  Dominion  of  Canada  and  the  State  of  New  York. 
The  difference  in  elevation  between  Lakes  Erie  and  Ontario  is, 
approximately,  325  feet,  of  which  about  160  feet  are  at  Niagara 
Falls.  Between  Lake  Erie  and  Niagara  Falls  the  river  divides 
into  two  channels  around  Grand  Island,  which  is  10  miles  long 
and  4 or  5 miles  wide.  The  general  course  of  the  river  is  from 
south  to  north,  but  in  passing  around  Grand  Island  the  eastern 
channel  bends  westward,  and  for  3 miles  from  the  foot  of  the 
island  the  course  of  the  river  is  west. 

Goat  Island  lies  at  the  foot  of  this  westerly  stretch.  On  the 
New  l^ork  side  the  American  channel  finds  its  way  around  the 
island  to  the  American  falls,  which  break  over  the  rough  ledge 
at  right  angles  to  the  main  river.  The  Horseshoe  falls,  on  the 
Canadian  side,  are  about  3000  feet  higher  up  and  lie  between  the 
west  end  of  Goat  island  and  the  Canadian  shore.  At  the  Cana- 
dian falls  the  main  river  again  turns  to  the  north  and  pursues 
that  general  course  to  Lake  Ontario. 
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The  elevation  of  the  water  surface  at  the  head  of  the  rapids 
above  the  falls  is  560  feet  above  tidewater,  thus  giving  a fall  from 
the  Lake  Erie  level  to  that  point  of  from  12  to  13  feet,  of  which 
from  4 to  5 feet  are  included  in  the  rapids  at  the  city  of  Buffalo, 
in  front  of  and  just  below  Fort  Porter.  The  descent  in  the  river 
from  the  head  of  the  rapids  to  the  brink  of  the  falls  is  about  50 
feet.  At  the  narroAvs,  half  a mile  above  the  Avhirlpool,  the  eleva- 
tion of  tile  water  surface  is  300  feet,  while  that  of  the  surface 
of  the  still  Avater  opposite  LeAviston  is  240  feet;  the  fall  in  this 
section,  Avhich  is  from  4 to  4.5  miles  in  lenglli,  may  therefore  be 
taken  at  51  feet,  while  from  LeAviston  to  the  mouth  at  Fort  Niag- 
ara the  fall  is  only  2 feet  in  a distance  of  7 miles.  The  total 
length  of  Niagara  riAor  is  about  37  miles.  The  catchment  area  of 
Niagara  river  aboA^e  Niagara  Falls  is  265,095  square  miles. 

On  account  of  the  immense  water-poAver  developments  iioav 
taking  place  at  Niagara  Falls  the  runoff  of  Niagara  river  must 
necessarily  receit’e  extended  discussion  in  a complete  account  of 
the  Hydrology  of  Noav  York. 

Lake  Ontario  catchment  area.  This  uatchment  comprises  the 
strip  of  territory  draining  directly  into  Lake  Ontario  and  extend- 
ing from  the  Niagara  river  to  beyond  the  Black  river.  The  im- 
portant streams  of  this  section  are  Genesee  river,  Oswego  river, 
Salmon  rit’er  AA^est  and  Black  riA^er.  The  less  important  are 
Eighteen  Mile  creek  (tributary  to  Lake  Ontario),  Johnson  creek, 
Oak  Orchard  creek,  Sandy  creek  (Orleans  county),  West  creek, 
Salmon  creek  (Monroe  county),  Irondequoit  creek,  Salmon  creek 
(Wayne  county),  Wolcott  creek.  Red  creek,  Sodus  creek.  Nine 
Mile  creek.  Fish  creek.  Little  Salmon  river  (Oswego  county), 
BeaA^er  Dam  brook,  Sandy  creek  (OsAvego  county),  north  and 
south  branches  of  Sandy  creek  (Jefferson  county),  Skinner  creek. 
Little  Sandy  creek,  Stony  creek.  Perch  river  and  Ohaumont  river. 
None  of  these  small  streams  are  of  any  great  importance,  although 
some  of  them  have  considerable  water  poAver  upon  them.^ 

iFor  statement  in  detail  of  water  power  on  streams  tributary  to  the 
proposed  Black  ri\’er  feeder  canal,  see  table  No.  129,  water  power  in  use 
on  streams  tributary  to  proposed  Black  riA^er  feeder  in  1898,  at  pp.  857-861 
of  the  Deep  AA'aterways  Report. 
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The  following  are  the  catchment  areas  of  a few  of  these  streams  : 

Square  milCB 


Eighteen  Mile  creek  (Iribntary  to  Lake  Ontario) 

Johnson  creek  

Oak  Orchard  creek 

Sandy  creek  

West  and  Salmon  creeks 

Irondequoit  river  


90 

105 

295 

85 

110 

135 


The  following  notes  on  these  streams  have  been  collected  from 
various  sources: 

Eighteen  Mile  creek.  Eighteen  Mile  creek  rises  near  Gasport, 
and  flows  first  westerly  and  then  northerly  to  Lake  Ontario  at 
Olcott.  A small  branch  of  the  stream  flows  through  the  city  of 
Lockport,  rising  two  or  three  miles  south  of  that  city.  Ever 
since  the  construction  of  the  Erie  canal  the  Lockport  branch  has 
received  a considerable  quantity  of  water  which  is  discharged  by 
the  water  powers  at  Lockport  drawing  their  supply  from  the 
canal. 

Oak  Orchard  creek.  Oak  Orchard  creek  rises  in  the  eastern 
part  of  Orleans  county,  whence  it  flows  to  West  Shelby  and  then 
turns  northeasterly,  reaching  Lake  Ontario  at  Point  Breeze. 
Above  West  Shelby  it  mostly  flows  through  swamps  and  swampy 
channels,  while  below  that  point  the  country  is  dry  and  rolling. 
The  distance  from  the  head  of  the  swamp  to  its  foot  near  West 
Shelby  is  sixteen  miles  in  a direct  line,  but  upwards  of  twenty 
miles  following  the  stream  channel.  The  fall  of  the  stream  is  37 
feet,  making  the  average  slope  1.8  feet  per  mile.  The  topography 
of  the  country  adjacent  to  the  swamp  is  level  and  its  boundaries 
are  accordingly  indefinite.  Large  areas  of  land  around  the  mar' 
gin  of  the  swamj)  are  wet  during  the  fall  and  spring  and  dry 
during  the  summer.  There  are  about  20,000  acres  of  imperfectly 
drained  or  marshy  land  lying  along  this  portion  of  the  Tonawanda 
creek  and  about  25,000  acres  in  Oak  Orchard  swamp  proper. 
Swamp  lands  occur  in  the  towns  of  Alabama,  Byron,  Elba  and 
Oakfield  in  Genesee  county.  The  catchment  area  of  Oak  Orchard 
swamp  is  about  133  square  miles. 
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Genesee  river.  This  river  issues  from  the  highlands  of  the  Alle- 
gheny plateau  in  Potter  conntv,  Pennsylvania,  a few  miles  south 
of  the  Ne^\'  York  State  boundary.  Entering  Allegany  county,  it 
first  runs  northwesterly  for  upward  of  30  miles  to  near  the  village 
of  Caneadea,  at  which  point  it  turns  northeasterly,  this  direction 
being  generally  maintained  to  the  mouth.  It  flows  entirely  across 
the  county  of  Allegany  and  then  for  several  miles  forms  the 
boundarj’  between  Livingston  and  Wyoming  counties,  after  which 
it  crosses  the  northeast  part  of  Livingston  into  Monroe  county, 
through  which  it  continues  to  its  mouth  at  Charlotte.  Above 
Portage  its  course  from  the  State  line  is  chielly  through  an  alluvial 
valley. 

From  I’ortage  to  Mount  Morris  the  river  flows  through  a deep 
and  in  some  places  narrow  canyon  for  a distance  of  over  20  miles. 
The  Portage  falls,  with  a total  descent  including  the  intervening 
rapids  of  about  330  feet,  are  at  the  head  of  this  canyon.  The 
Upper  Portage  falls  have  a descent,  including  the  rapids,  of  about 
70  feet.  Half  a mile  below  are  the  ^fiddle  falls,  with  a descent  of 
110  feet;  while  2 miles  below  begin  the  Lower  falls,  consisting 
of  a series  of  rapids  about  half  a mile  long  with  an  aggregate 
fall  of  150  feet.  These  three  falls  may  be  taken  as  aggregating 
about  270  feet,  exclusive  of  tlie  rapids.  At  present  no  power 
developments  exist.  Formerly  a sawmill  was  located  at  the  Mid- 
dle falls,  but  on  account  of  the  extinction  of  the  lumber  business 
on  the  stream  it  has  not  been  operated  for  many  years. 

At  Mount  Morris,  Genesee  river  issues  into  a broad,  level,  allu- 
vial valley  from  1 to  2 miles  wide,  which  continues  to  near  Koch- 
<‘ster,  where  there  is  a descent  of  262  feet  in  about  3 miles.  The 
Upper  falls  at  Rochester,  90  feet  in  hight,  are  a cataract  in  the 
Niagara  limestone,  while  at  the  Lower  falls,  94  feet  in  hight,  the 
Medina  sandstone  appears.  The  foregoing  figures  do  not  include 
the  dams  above  the  falls. 

The  principal  tributaries  of  the  Genesee  river  are  Canaseraga, 
Honeoye  and  Conesus  creeks  from  the  east,  and  Oatka,  Black  and 
Wiscoy  creeks  from  the  west.  Honeoye,  Canadice  and  Hemlock 
lakes  are  tributary  to  the  Honeoye  creek,  and  Conesus  lake  to 
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Coiiesus  oreok.  Silver  lake  is  another  small  body  of  water  in  tlie 
Oenesee  basin  and  tributary  to  the  river  by  the  Silver  lake  outlet. 
Caiiaseraga  creek  joins  Genesee  river  near  Mount  Morris.  From 
Dansville  to  its  mouth,  a distance  of  IG  miles,  this  creek  flows 
througli  a broad  alluvial  valley  with  very  little  fall.  Above  Dans- 
ville the  stream  is  more  rapid,  but  the  comparatively  small,  de- 
forested .catchment  area  limits  its  value  for  water  power.  Iloneoye 
creek,  which  is  the  outlet  of  Honeoye,  Canadice  and  Hemlock 
lakes,  furnishes  some  water  power.  There  are  also  several  mills 
on  the  outlet  of  Conesus  lake. 

Formerly  there  were  a number  of  mills  on  the  Silver  lake  out- 
let, but  changed  business  conditions  have  led  to  their  decay.  The 
other  tributaries  of  the  Genesee  have  little  significance  as  mill 
streams.  It  appears,  then,  that  the  two  places  of  importance  on 
Genesee  river,  from  the  water-power  point  of  view,  are  Portage 
and  Rochester. 

The  following  table  gives  the  detail  of  the  several  subdivisions 
of  the  catchment  area  of  Genesee  river : 


Table  No.  37 — Catch:ment  areas  of  tributaries  of  genesee  river 

(In  square  miles) 


Creek 

Catchment 

area 

Area  above 
mouth 

Area  below 
mouth 

Cryder  

43.3 

99.9 

143.2 

Ghenunda  

3,0.0 

181.0 

211.0 

Dvkes  

08.3 

214.0 

282 . 3 

Vandemarck  

21. G 

301.3 

322.9 

Knights  

oo  g 

323.9 

34G.2 

Phillips  

32.3 

372.8 

405.1 

Van  Dampens 

410.4 

46G.1 

Angelica  

82.1 

481.1 

563.2 

White 

15.1) 

5G9.2 

585.1 

Black  

31.1 

595.5 

G2G.6 

Crawford  

11.8 

G37.G 

G49.4 

Caneadea  

G3.3 

651.0 

714.3 

Cold  

41.0 

745.3 

786.3 

Rush  

.35.3 

787.0 

822.3 

Vdscov  

108. G 

833.  G 

942.2 
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Creek 

Catchment 

area 

Area  above 
mouth 

Area  below 
mouth 

Wolf  

19.3 

974.9 

994.2 

Silver  lake 

30.4 

1,029.2 

1,059.6 

Cashaqua  

82. 0 

1,059.  (> 

1,141.0 

Canaseraga 

258.7 

1,148.4 

1,407.1 

Beards  

41.3 

1,423.1 

1,404.4 

Conesus  lake 

88.8 

1,555.5 

1,043.9 

Honeove  

202.  (> 

1,075.9 

1,938.5 

Allens  

198.1 

1,947.1 

2,145.2 

Black  

211.8 

2,108.5 

2,380.0 

The  total  catchment  area  of  Genesee  river  at  its  mouth  is 
244G  square  miles. 

The  following  tabulation  gives  the  elevation  of  Genesee  river  at 


various  points: 

Feet 

Mean  surface  of  Lake  Ontario 247 

Crest  of  the  feeder  dam  in  south  part  of  tlie  city  of  Roch- 
ester   510 

Low-water  surface  of  river  at  New  York,  Lake  lOrie  & 

Western  railway  bridge  near  Avon 538 

Crest  of  old  Mount  Morris  power  dam G05 

W'ater  surface  just  above  Upi)er  falls  at  Portage 1,080 

Water  surface  at  New  York,  Lake  l]rie  & Western  rail- 
way bridge  near  Belviderc* 1,338 


The  extreme  headwaters  in  Potter  county,  Pennsylvania,  are 
about  2500  feet  above  tide. 

Water  power  of  Genesee  river.  Aside  from  a few  unimportant 
flour  mills  on  the  Upper  Genesee  river,  there  is  no  water-power 
development  except  at  Rochester  and  Mount  Morris.  Tabulations 
in  detail  of  these  water  powers  may  be  found  in  table  No.  31  of  the 
report  on  Genesee  River  Storage  Surveys,  dated  January  1,  1897. 
These  tabulations  are  too  extensive  to  be  reproduced  in  detail 
here,  but  the  total  power,  according  to  the  manufacturers’  rating^ 
on  Genesee  river  at  and  near  Mount  Morris  and  Rochester  is 
given  at  19,178  horsepower.  If  we  consider  75  per  cent  elh- 
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ciency  as  developed  by  the  water,  the  total  power  becomes  17,248 
horsepower,  of  which  570  horsepower  was  at  that  time  in  use  at 
Mount  Morris.^  Probably  17,248  horsepower  is  too  high,  because 
there  are  a number  of  wheels  in  use  which  do  not  yield  over  50 
per  cent  efficiency. 


Fig.  18  Section  of  power  dam  on  Genesee  river  at  Mount  Morris,  at  north 
end  of  same. 


These  statistics  were  gathered  in  the  fall  of  1896.  Since  that 
time  some  further  extension  has  been  made  at  Rochester,  so  that 


iTlie  power  dam  at  Mount  Morris  was  destroyed  by  a flood  early  in 
1897  and  was  only  rebuilt  in  1903.  In  the  meantime,  the  manufacturing 
establishments  there  have  been  running  by  steam.  Statements  are  not  at 
hand  as  to  whether  all  of  these  establishments  are  again  running  by  water 
power. 
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at  the  present  time  there  is,  on  the  basis  of  75  per  cent  efficiency, 
fully  20,000  horsepoAver  in  use  Avhen  there  is  Avater  enough  to 
supply  it.  In  some  years,  hoAvever,  there  is  a deficiency  of  ])OAver 
for  several  months,  and  in  extreme  Ioav'  Avater  the  total  ])OAver  of 
the  river  does  not  exceed  an  average  of  about  4700  or  4800  gross 
horsepoAver.  On  75  per  cent  efficiency  the  total  horsepoAver  of 
Genesee  river  in  extreme  Ioav  Avater  does  not  exceed  3G00  to  3800 
net  horsepoAver. 

In  addition  to  the  Avater  ])OAver  in  use  at  Rochester,  there  is  a 
considerable  amount  of  steam  ])OAver.  From  a cauAmss  made  in 
1000  it  appears  that  there  Avere  at  that  time  engines  set  ca])able 
of  producing  over  15,000  liorse})OAver.  Since  1900  extensions  have 
lK‘en  made  of  the  Rochester  Gas  c'c  Electric  'Company’s  plant 
and  of  the  Citizens  Tught  & RoAA'er  Com])any’s  plant  1o  the 
extent  of  5000  or  0000  horse])OAver,  so  that  there  is,  in  1904,  OA'er 
20,000  horsepoAver  from  steam  in  use  at  Rochester.  These  figures 
do  not  include  auxiliary  engines  in  use  in  mills  propelled  by 
water  poAA'er,  but  Avhi(*h,  from  lack  of  Avater,  necessarily  rely  on 
the  engines  in  some  years  for  several  months.  It  is  an  interesting 
circumstance  that  the  Avater  ])OAA^er  manufacturing  district  of 
Rochester,  Avhile  situated  on  the  brink  of  the  gorge  below  fla^ 
Upper  Genesee  falls,  has  a chimney  attached  to  every  mill,  and 
the  appearance,  in  times  of  Ioav  Avater,  is  that  of  steam  power 
rather  than  of  Avater.  If  the  auxiliary  engines  are  included  there 
Avere  oA’er  30,000  horse  i)OAver  of  steam  at  Rochester  in  1904. 

Oswego  river.  This  stream,  Avith  a total  catchment  area  at  its 
mouth  of  5002  square  miles,  flows  into  Lake  Ontario  at  the  city 
of  OsAA’ego.  It  is  formed  by  the  junction  of  Oneida  and  Seneca 
rivers  at  Three  RiA^ers  Point,  about  tAventy-tAVO  miles  southerly 
from  its  mouth.  Its  main  tributary,  Seneca  riA’er,  Avith  a catch- 
ment area  of  3433  square  miles,  enters  from  the  west  at  this  point, 
while  the  Oneida  riATi*  enters  from  the  east. 

Seneca  rivet.  Seneca  riA”er  rises  in  the  highlands  in  the  south 
part  of  the  State,  the  main  stream  floAving  north  through  Cayuga 
lake,  while  its  tributaries  floAV  north  through  Canandaigua,  Keuka, 
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Seneca,  Owasco,  Skaneateles,  Otisco,  Cross  and  Onondaga  lakes 
and  the  outlets  of  the  same,  after  which  the  river  turns  and  flows 
in  a generally  easterly  direction  to  its  junction  with  Oneida  river 
at  Three  Rivers  I?oint.  The  headwaters  of  Seneca  river  on  the 
streams  entering  Canandaigua  lake  are  at  an  elevation  of  1600 
feet;  on  the  streams  entering  Keuka  lake  they  are  at  an  elevation 
of  1400  feet;  on  the  streams  entering  Seneca  lake,  at  an  elevation 
of  1600  feet;  on  the  streams  entering  Cayuga  lake,  at  an  eleva- 
tion of  1400  feet,  and  so  on.^  Generally  we  may  say,  therefore, 
that  the  headwaters  of  Seneca  river  are  at  an  elevation  of  from 
1200  to  1600  feet  above  tidewater. 

Oneida  river.  Oneida  river  rises  in  the  central  j^art  of  the  State. 
One  branch — Fish  creek— rises  in  the  highlands  of  the  Lowville 
water  center  and  flows  in  a generally  southerly  direction  to  its 
mouth  in  Oneida  lake,  while  other  branches  rise  in  the  highlands 
to  the  south.  The  streams  flowing  from  a northerly  direction 
are  the  west  branch  of  Fish  creek,  with  its  main  tributary.  Mad 
river;  east  branch  of  Fish  creek,  with  its  tributaries.  Furnace 
creek,  Florence  creek  and  Fall  brook;  Fish  creek  enters  the 
extreme  east  end  of  Oneida  lake;  Wood  creek  is  tributary  to 
Fish  creek  a short  distance  above  its  mouth.  The  streams  enter- 
ing Oneida  lake  from  a southerly  direction  are  Chittenango  creek, 
to  which  are  tributary  Butternut  and  Limestone  creeks,  all  of 
which  have  considerable  power  upon  them;  Oneida  creek,  which 
flows  into  Oneida  lake  from  the  extreme  southeast  corner,  and 
Canaseraga  creek.  Onondaga  creek  flows  from  the  south  into 
Onondaga  lake,  through  the  city  of  Syracuse.  The  headwaters  of 
Oneida  river  are  at  an  elevation  of  from  1400  feet  to  1600  feet, 
the  headwaters  of  the  Avest  branch  of  Fish  creek,  entering  Oneida 
lake  from  the  north,  being  about  1600  feet  above  tidewater  and 
tlie  headwaters  of  the  east  branch  of  Fish  creek  being  about  1800 
feet,  while  the  headwaters  of  streams  entering  Oneida  lake  from 
(be  south  are  at  an  elevation  of  from  1200  to  1400  feet  above  tide. 

iThese  figures  are  general,  as  taken  from  the  topographical  map;  in  some 
eases  they  are  somewhat  exceeded,  while  in  others  they  are  less. 
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^Vater  power  of  Fish  crccJc.  The  following  tabulation  shows  the 
principal  water  ])owers  develoj)ed  on  the  west  branch  of  Fish 
creek : 


Number  of  dam 

1 

Number  of  mills  j 

Location 

Manufacture 

1 

Effective  head,  feet 

Number  of  em- 
ployees 

1 Horsepower  of  I 
j water  wheels  j 

(1) 

(2) 

(3) 

(4) 

1 (5) 

(6) 

(-) 

1 

1 

Taberg 

Sawmill 

8 

2 

3 

McConiiellsville . 

Woodworking 

6 

40 

111 

8 

4 

Camden 

Woodworking 

7-9 

23 

114 

4 

2 

Camden 

Foundry  and  knit’g  mill 

i 9-10 

220 

186 

5 

1 

Camden 

Gristmill. 

10 

3 

157 

6 

1 

Camden 

Saw  and  grist  mill 

5 

2 

58 

7 

2 

West  Camden. . . 

Chair  factory 

5 

31 

92 

8 

2 

Williamstown. . . 

Saw  and  grist  mill 

! 16 

5 

66 

9 

1 

Williamstown. . , 

Gristmill 

1 

4 

185 

The  following  are  the  elevations  above  tide,  areas  of  water  sur- 


face and  catchment  areas  of  the  lakes  tributary  to  Seneca  and 
Oneida  rivers : 


Elevation 

Area  of 

Catchment 

Lake 

above  tide, 

water,  in 

area, in 

in 

square 

square 

feet 

miles 

miles 

Canandaigua  

18.6 

175 

Keuka  

720 

20.3 

187 

Seneca  

444 

66.0 

707 

Cayuga  

381 

66.8 

1,593 

Owasco  

710 

12.4 

208 

Skaneateles  

867 

12.8 

73 

Otisco  

784 

3.0 

34 

Cross 

375 

4.3 

Onondaga  

364 

4.0 

233 

Cazenovia 

1,190 

2.8 

9 

Oneida  

370 

80.0 

1,265 

The  following  are  the  catchment  areas  of  Oswego  river  and  its 
principal  tributaries: 

Square  miles 


Oswego  river  at  mouth 

5,002 

Below  junction  of  Seneca  and  Oneida  rivers 

4,835 

Oneida  river  

1,402 

Seneca  river  

3,433 
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The  subdivisions  of  the  catchment  area  of  Seneca  river  are  as 


follows : 

Square  miles 

At  junction  with  Oneida  river 3,433 

At  Baldwinsville  3,103 

At  Montezuma  2,472 

Below  Cayuga  lake 1,593 

At  entrance  to  Cayuga  lake 780 

At  Seneca  Falls Fi"! 

Waterloo 

At  foot  of  Seneca  lake 707 

Keuka  lake  outlet 213 

Catherines  creek  , 94 

Onondaga  creek,  not  including  Onondaga  lake 122 


The  catchment  areas  of  Cayuga  lake  and  its  tributaries  are  as 
follows : 

Square  miles 


At  outlet  813 

Cayuga  inlet,  including  Cascadilla  creek.... 173 

Fall  creek,  not  including  Cascadilla  creek 152 

Salmon  creek  90 

Taughannock  creek  GO 


Clyde  river,  a tributary  of  Seneca  river,  is  formed  by  the 
junction  of  Canandaigua  outlet  and  Mud  creek.  The  latter  stream 
rises  in  the  southern  part  of  Ontario  county  and  flows  first  north 
and  then  east,  uniting  Avith  Canandaigua  outlet  at  Lyons.  Clyde 
river  joins  Seneca  river  at  Montezuma.  The  following  are  the 
catchment  areas  of  Clyde  river  and  tributaries : 

Square  miles 


At  mouth  869 

At  Clyde 807 

At  Lyons,  at  junction  of  Canandaigua  outlet  and  Mud 

creek  729 

Mud  creek  at  Lyons 298 

Canandaigua  outlet  at  junction  with  Mud  creek 431 

Canandaigua  outlet  at  Phelps 390 

Canandaigua  lake  at  foot 175 

Canandaigua  inlet 85 
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Owasco  lake  discharges  into  Seneca  river  tlirongli  an  outlet  15 
miles  in  length.  The  following  are  the  catchment  areas  of  Owasco 
outlet : 

Square  milest 


At  mouth 230 

At  Auburn 212 

Owasco  lake  at  foot 208 

Owasco  inlet 120 


The  catchment  areas  of  Oneida  river  and  its  principal  tribu- 
taries are  as  follows : 

Square  miles 


Oneida  river  at  mouth 1,402 

Oneida  lake  at  foot 1,205 

Fish  creek 400 

Ohittenango  creek,  including  Cazenovia  lake 309 

Oneida  creek 149 

Wood  creek  127 


Owing  to  its  large  amount  of  lake  storage,  Oswego  river,  with 
its  tributaries,  is  one  of  the  best  poiw^er  streams  in  the  State.  As^ 
early  as  1880  the  power  of  this  stream  and  its  tributaries  was 
fully  utilized.  According  to  a statement  in  llie  Eeport  on  the 
Water  Power  of  the  Region  Tributary  to  Lake  Ontario,  made  in 
1883,  there  was  over  30,000  horsepower  in  use.  This  power  was 
developed  ujion  Oswego  river,  Oneida  river  and  small  tributaries^ 
Canaseraga  creek  and  tributaries,  Ohittenango  creek  and  tribu- 
taries, Fish  creek  and  tributaries,  Oneida  creek  and  tributaries,, 
sundry’  other  small  tributaries  of  Oneida  lake,  Seneca  river^ 
Cayuga  outlet  and  sundry  tributaries  of  Ca^mga  lake.  Mud  creek 
and  tributaries,  Canandaigua  outlet  and  tributaries,  Owasco  out- 
let and  tributaries,  Skaneateles  outlet  and  tributaries.  Nine  Mile 
creek  and  tributaries  and  Onondaga  creek  and  tributaries. 

No  statements  are  at  hand  as  to  the  total  power  of  Oswego 
river  in  1904,  but  it  is  doubtful  if  for  the  whole  region  it  is  greater 
than  in  1883.  Probably  the  power  in  use  on  Oswego  river  proper 
has  increased  somewhat,  but  there  are  many  flour  mills  and  other 
small  establishments  throughout  the  region  which  are  out  of  use,, 
making  the  net  result  about  tlie  same  as  in  1883. 
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Skancateles  outlet.  Skaiiealolos  outlet,  which  is  one  of  tliebest 
power  streams  of  the  region,  has  a fall  of  about  500  feet  in  a few 
miles.  According  to  a statement  made  by  W.  Iv.  Hill,  formerly 
Chief  Engineer  of  the  Syracuse  Waterworks,  there  is  about  3000 
horsepower  on  this  stream.  However,  in  consequence  of  the  city’s 
taking  Skaneateles  lake  as  a water  supply  for  Syracuse,  the  water 
rights  on  this  stream  have  either  been  purchased  or  condemned 
by  that  city.  Some  of  them  are  still  in  use  in  1904,  but  definite 
statements  are  not  at  hand  as  to  whether  they  all  are. 

The  following  streams  of  the  Oswego  catchment  are  more  or 
less  utilized  for  a water  supply  to  the  Erie  canal : Owasco,  Spring, 
Putnam,  Skaneateles  Carpenter,  Nine  Mile,  Butternut,  Lime- 
stone, Chittenango,  Cowaselon  and  Oneida  creeks.  The  total 
catchment  area  above  the  point  of  diversion  amounts  to  about 
750  square  miles.  On  the  headwaters  of  Limestone  creek  there 
is  a diversion  from  De  Ruyter  reservoir,  artificially  supplied  from 
the  headwaters  of  Tioughnioga  creek,  Avhich  naturally  drains  to 
the  Susquehanna  river. 

Salmon  river  west.  The  next  stream  of  any  importance  tribu- 
tary to  Lake  Ontario  is  Salmon  river  west,  which  rises  in  the 
highlands  of  LcAvis  county  and  flows  first  southerly,  then  westerly, 
into  Lake  Ontario.  Its  headwaters  are  at  an  elevation  of  over 
1600  feet  above  tide. 

In  1889  tliis  stream  was  extensively  considered  as  the  source 
of  a public  water  supply  for  the  city  of  Syracuse.  The  Salmon 
river  catchment,  above  the  proj)Osed  ])oint  of  diversion,  comprises 
70  square  miles  of  forest  laud  from  1000  to  1600  feet  above  tide- 
water, and  distant  northeast  from  Syracuse  about  40  miles.  The 
brooks  tributary  to  the  main  stream  head  in  springs  and  gen- 
erally flow  for  the  first  few  miles  through  swamps.  Above  Red- 
field  the  fall  is  rapid  along  the  main  stream,  and  there  is  stated 
to  be  very  little  vegetation  along  the  shores,  which  are  of  sand- 
stone and  gravel.  The  water  is  clear  but  of  a brownish  tint.  It 
is  estimated  that  from  80  to  85  per  cent  of  the  catchment  is 
wooded. 
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A favorable  location  for  a storage  reservoir  exists  about  three 
miles  above  Kedfield  on  the  east  branch,  where  a dam  32  feet 
high  would  impound  1,816,000,000  gallons,  at  an  elevation  of  590 
feet  above  Syracuse  (about  lOOM  feet  above  tidewater).  Between 
this  point  and  the  mouth  of  Salmon  river  there  are  a number 
of  water  powers,  some  of  which  are  unoccupied — as  at  High  Falls, 
about  tive  miles  east  of  Sandbank,  there  is  a vertical  drop  of  110 
feet — but  there  are  in  operation  sixteen  mills,  the  machinery  of 
which  is  driven  by  water  power,  the  aggregate  capacity  of  the 
wheels  being  450  horsepower! 

The  following  are  the  catchment  areas  tributary  to  Salmon 
river  west: 


Black  liver.  Between  Salmon  river  west  and  the  mouth  of 
Black  river,  there  are  a number  of  small  streams  flowing  into 
Lake  Ontario,  none  of  which  are  of  special  importance.  We 
may  therefore  pass  to  a brief  description  of  Black  river.  This 
stream  rises  in  the  western  part  of  Hamilton  county  and  pursues 
a southwesterly  direction,  passing  across  Herkimer  county  into 
Oneida  county ; it  then  bends  to  somewhat  west  of  north  through 
Lewis  county,  but  soon  after  j)assing  the  northwesterly  boundary 
of  that  county  it  changes  to  a general  westerly  course,  flowing 
into  Black  Kiver  bay  at  the  extreme  eastern  end  of  Lake  Ontario. 
Extensive  water-power  developments  are  in  use  on  this  stream 
and  its  tributaries,  at  Watertown,  Lyon  Falls,  Carthage,  Black 
River,  Brownville,  Dexter  and  other  points.  There  are  also  a 
number  of  State  reservoirs  on  the  headwaters  which  are  dis- 
cussed on  another  page.  The  following  gives  the  elevation  in  feet 

^Report  of  the  Engineer  to  the  Commissioners  on  Sources  of  Water  Sup- 
ply for  the  City  of  Syracuse,  N.  Y.,  Feb.  21,  1889.  By  J..  J.  R.  Croes,  C.  E. 


Square  mile& 


Reservoir  site,  three  miles  abo^'e  Redfleld 

Reservoir  site,  above  High  Falls 

At  Pulaski 

At  mouth  of  stream 
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of  the  main  points  on  Black  river  above  tidewater,  accordino  to 
the  best  available  information  : 

Feet. 

At  mouth 247 

WatertoAvn,  west  line  of  city "170 

Watertown,  at  head  of  falls 492 

Felts  Mills,  crest  of  dam • 563 

Carthage,  at  foot  of  rapids 669 

Cartilage,  crest  of  'State  dam 724 

Lyon  Falls,  at  foot 733 

Lyon  Falls,  crest  of  State  dam 802 

Forestport,  crest  of  State  dam 1,129 

North  Branch  reservoir 1,821 

Chub  lake 1,599 

Woodhull  reservoir  1,854 

South  Branch  reservoir 2,019 

Moose  river,  at  mouth 802 

First  lake,  Fulton  chain 1,684 

Second  lake . 1,684 

Third  lake  1,685 

Fourth  lake 1,687 

Fifth  lake 1,691 

Sixth  lake 1,760 

Seventh  lake  1,762 

Eighth  lake 1,803 

Little  Moose  lake 1,772 

Big  Moose  lake 1,787 

Beaver  river,  at  mouth 724 

Beaver  river,  at  Number  Four 1,436 


The  catchment  areas  of  Black  river  and  its  tributaries,  in 
square  miles,  are  as  follows  : 

Square  miles 

Black  river,  at  mouth 1,930 

At  Watertown  (Kemington’s  dam) 1,892 

At  Watertown  (waterworks  dam  at  Huntingtonville) . . 1,889 

At  Black  River  village 1,869 

At  site  of  Rawson’s  dam  (four  miles  below  Cartilage)  . . 1,824 

At  Carthage  1,812 

Above  mouth  of  Moose  river 463 
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Forestport  268 

Beaver  river,  at  mouth 338 

Beaver  river,  at  Beaver  Falls 322 

Moose  river,  at  mouth 416 

Moose  river,  at  Agar’s  mill : 407 

Deer  river,  at  mouth 102 

Deer  river,  at  Deer  Kiver  village 101 

Woodhull  creek  108 

Otter  creek  (one-half  mile  above  mouth  of  creek) 63 

Independence  creek,  at  mouth 99 

Independence  creek  (three  miles  above  mouth) 93 


The  length  of  Black  river,  measured  along  its  course  from  its 
mouth  at  Blai'k  River  bay  to  the  headwaters,  is  112  miles. 

The  section  drained  by  the  upper  river  in  Herkimer  and  Hamil- 
ton counties  is  a rugged,  mountainous  region,  with  numerous 
lakes,  a number  of  which  have  been  utilized  by  the  State  of  New 
York  as  storage  reservoirs  to  comjiensate  for  water  taken  for  the 
siij)])ly  of  the  Black  river  and  Erie  canals. 

The  extreme  headwaters  of  the  main  river  are  Canachagala 
lake.  North  lake  and  South  lake.  Other  lakes  on  the  headwaters 
of  the  main  river  are  Woodhull,  Little  Bisby  Chain  lakes.  Little 
Woodhull,  Chub,  Long,  White  and  a number  of  others.  The  chief 
tributaries  of  Black  are  the  Moose  and  Beaver  rivers,  both  of 
which  rise  in  Hamilton  county  and  flow  across  Herkimer  into 
Ijewis  county.  The  principal  lakes  at  the  head  of  Moose  river 
are  Two  Sisters,  Pigeon,  Big  Moose,  Second,  Cascade,  Fulton 
Chain,  Lime  Kiln  and  Little  ^loose  lakes.  The  principal  lakes  at 
the  headwaters  of  the  Beaver  river  are  Lakes  Lila  and  Francis, 
Josephine,  Nehasane,  Big  Rock,  Little  Rock,  Salmon,  Loon  and 
Twitchell  lakes  and  others. 

Other  smaller  tributaries  of  Black  river  are  Black  creek,  Little 
Woodhull  creek.  Big  Woodhull  creek.  Crystal  brook.  Otter  creek, 
Independence  creek.  Crystal  creek,  Swiss  creek.  Moose  creek. 
Sugar  river.  Whetstone  creek.  Roaring  creek.  Mill  creek,  Deer 
river  and  other  small  streams. 
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Moose  river.  This  stream  has  a rapid  fall  throughout  its  entire 
extent.  The  catchment  area  of  41G  square  miles  is  precipitous 
and  still  very  largely  in  primeval  forest.  There  is  a catchment 
of  41  square  miles  at  the  headwaters,  which  is  regulated  by 
storage,  controlled  by  the  State  dam  at  Old  Forge  at  the  foot  of 
the  Fulton  Chain  lakes.  There  are  a number  of  undeveloped 
water  powers  at  Lyonsdale,  Millers  falls  and  other  points  on  the 
stream.  The  folloAving  tabulation  shows  the  principal  developed 
water  powers  on  Moose  river: 


1 Number  of  dam 

1 

I Location 

1 

j 

! 

Manufacture 

Eifective  head, 
feet 

Number  of  em- 
ployees 

Horsepower  of 
water  wheels 

(1) 

(^) 

(3) 

(I) 

(5). 

(6) 

1 

Near  Lyon  Falls 

Wood-pulp 

18 

50 

560 

2 

Near  Lyon  Falls 

Wood-pulp 

30 

35 

31 

1 , 208 

3 

Near  Lyon  Falls. 

Wood-pulp 

28 

1,736 

850 

4 

Lyonsdale 

Wood-pulp 

30 

35 

5 

Lyonsdale 

Paper  

30 

2 

400 

6 

Lyonsdale 

Pulp  and  paper 

35 

40 

1,252 

7 

Above  Lyonsdale 

Manila  paper 

30 

40 

1,000 

Beaver  river.  The  catchment  area  of  Beaver  river  is  338  square 
miles.  There  is  a storage  dam  at  Stillwater,  controlling  an  area 
of  153  square  miles.  In  addition  to  this  reservoir  there  is  a large 
number  of  natural  lakes,  in  consequence  of  which  a compara- 
tively uniform  flow  is  maintained  throughout  the  year. 

From  the  reservoir  above  Beaver  to  Number  Four  the  stream 
flows  over  numerous  boulder  rapids,  alternating  with  stretches 
of  smooth  water.  Above  Beaver  lake  there  is  a 60-foot  rapids 
within  500  feet.  Below  the  foot  of  Beaver  lake,  for  twelve  miles, 
the  stream  flows  over  a rocky  channel,  although  the  adjacent 
catchment  is  sandy  and  still  largely  in  forest.  At  Eagle  falls, 
two  miles  below  Beaver  lake,  there  is  a series  of  cascades  aggre- 
gating 75  feet  descent.  The  foregoing  are  undeveloped.  Water 
power  to  the  extent  of  4400  horsejyower  is  developed  at  Beaver 
Falls,  Croghan  and  Belfort.  The  total  head  utilized  is  133  feet. 
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At  Belfort  there  is  a fall  of  50  feet,  utilized  to  generate  electric it3% 
which  is  transmitted  to  adjacent  towns. 

Otter  creek.  This  stream  rises  in  Herkimer  county  and  Hows 
westerly  into  Black  river,  a few  miles  north  of  the  village  of 
Grei.g.  Its  catchment  area  is  63  square  miles. 

Independence  creek.  Independence  creek  also  rises  in  Herki- 
mer county  and  flows  Avesterly  into  Black  river  three  miles  south 
of  Bushe’s  Lauding.  The  catchment  area  aibove  the  mouth  of  the 
stream  is  99  square  miles. 

Deer  river.  This  stream  rises  in  the  extreme  western  part  of 
Lewis  county  and  flows  northeasterly  into  Black  river  five  miles 
above  Carthage.  The  catchment  area  of  the  stream  is  102  square 
miles. 

Early  ivater  jmwer  and  manufacturing  projects  on  Black  river. 
Precise  knowledge  of  the  region  drained  by  Black  river  is  almost 
entirely  confined  to  the  present  century.  So  little  was  known 
of  its  geography  that  in  a statistical  work,  WintePbotham’s  View 
of  the  American  United  States,  published  in  1796,  it  is  stated 
that  Black  river  is  said  to  rise  in  the  high  country  near  the 
sources  of  Canada  creek,  which  falls  into  the  Mohawk  river  and 
takes  its  course  northwest  and  then  northeast  until  it  discharges 
into  the  Cataraqui  or  Iroquois  river  not  far  from  Swegauchee; 
it  is  said  to  be  navigable  for  batteaux  up  to  the  lower  falls,  60 
miles.”  That  is  to  say,  Winterbotham  understood  Black  river 
to  be  navigable  either  to  Carthage  or  possibly  Lyon  Falls,  the 
misapprehension  probably  having  grown  out  of  the  accounts  given 
by  hunters  and  trappers  of  the  long,  nearly  level  stretch  of  about 
40  miles  between  Carthage  and  Lyon  Falls.  The  Black  river  is 
not  represented  on  any  of  the  early  French  or  English  maps  of 
the  region.^ 

Surveys  of  Watertown  township  were  made  in  1796  by 
Benjamin  Wright,  who  was  later  engineer  on  the  Erie  canal.  His 
report  may  be  considered  the  beginning  of  something  like  accurate 

^See  preface  to  a History  of  Jefferson  county,  by  Franklin  B.  Hough, 
Watertown,  1854. 
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knowledge  of  tlie  region.  In  regard  to  Watertown  township,  he 
states  therein : 

Township  No.  2,  on  Black  river,  is  situated  about  three  miles 
from  the  mouth  of  the  river.  This  river  is  navigable  for  batteaux 
about  1%  miles,  but  3^et  with  considerable  difficulty  it  may  be 
ascended  2%  miles.  . . . There  are  excellent  mill  sites  along 

Black  river,  Avhere  they  are  noted  on  the  map,  and  many  more, 
which  it  is  impossible  to  note  with  certainty,  as  the  river  the 
whole  distance  of  the  town  is  very  rapid  except  at  the  northeast 
corner  for  about  three-quarters  of  a mile.  The  river  is  very  rocky 
along  the  whole  distance  and  appears  to  be  a bed  of  limestone 
rocks. 

Hettlemeuts  began  in  Watertown  township  on  the  site  of  the 
present  city  of  Watertown  in  March,  1800,  three  families  having 
arrived  at  that  time,  and  these  were  the  only  ones  remaining 
during  the  ensuing  winter,  although  many  visited  Watertown 
during  the  summer  of  1800  on  prospecting  tours,  who  subse- 
quently settled  there.  The  precise  history  of  the  region  began, 
therefore,  in  the  fullest  sense  with  the  nineteenth  century 

According  to  Dr  Hough,  tlie  name  of  Watertown  township  was 
doubtless  suggested  by  the  extraordinary  amount  and  convenience 
of  its  water  power,  for  which,  Dr  Hough  says,  it  will  compare 
favorably  with  any  place  in  the  State.  “ To  this  cause  may  be 
mainly  attributed  its  early  and  rapid  growth  and  the  superiority 
in  wealth  and  business  which  it  enjoys  far  beyond  any  other  place 
in  the  county.’^ 

Watertown  is  the  county  seat  of  Jefferson  county.  According 
to  the  census  reports  the  population  of  theHownship  in  1800  was 
119;  in  1810,  it  was  1841;  in  1820,  2766;  in  1830,  4768;  in  1840, 
5027 ; in  1850,  7201 ; in  1860,  7567.  In  1869  the  city  of  Water- 
town  was  erected  from  territory  taken  from  the  townships  of 
Pamelia  and  Watertown.  In  1870  the  population  of  the  city  of 
Watertown  was  9336,  the  population  of  the  township  being  in 
that  year  1373;  in  1880,  the  population  of  the  city  was  10,697 
and  the  township  1264;  in  1890,  the  population  of  the  city  was 


'For  early  history  of  settlements  on  Black  river  see  Hough’s  History. 
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14,725  and  the  township  1215,  and  in  1900,  the  city  Avas  21,096 
and  the  townsliip  1159.  The  township  of  Pamelia  had  a po])iila- 
tion  in  1860  of  2789  and  in  1870,  1292,  the  difference  in  this  case 
being  chiefly  due  to  the  absorption  of  a portion  into  the  city  of 
Watertown.  As  in  the  case  of  Watertown  township,  liOAvever, 
the  population  of  Pamelia  has  been  gradually  lessening  during 
the  last  three  census  decades.  Since  the  incorporation  of  Water- 
town  as  a city,  the  development  of  its  manufacturing  industries 
has  been  very  rapid. 

Ill  addition  to  WatertOAvn,  the  other  chief  Avater-poAver  points 
of  the  Black  river  valley  are  Dexter,  Brownville,  Black  River 
village,  Felts  Mills,  Great  Bend,  Carthage,  Lyon  Falls  and  Port 
Leyden.  There  are  also  extensive  Avater  poAvers  on  the  Beaver 
and  Moose  rivers,  tributaries  of  the  Black. 

The  chief  object  of  this  chapter  is  to  present  a concise  vieAV  of 
the  relation  Avhich  the  deA'elopment  of  the  Black  river  Avater  jioAver 
has  had  to  the  groAvth  of  the  region  as  a whole,  such  discussion 
leading  to  a broad  consideration  of  the  effect  of  materially  inter- 
fering with  the  deA^elopment  of  the  manufacturing  interests.  We 
A\ill  endeavor,  in  short,  to  discuss  the  economic  proposition  in- 
volved in  seriously  interfering  Avith  the  productive  industries  of 
an  extensive  manufacturing  community. 

Without  going  into  an  extended  account  of  the  early  manu- 
facturing establishments  of  the  Lower  Black  river,  Ave  may  still 
give  enough  to  show  that  manufacturing  has  ahvays  been  a lead- 
ing occupation  of  the  Black  river  valley  population. 

Dexter.  At  Dexter -manufacturing  improvements  Avere  begun 
in  1811  by  Jacob  and  John  BroAvn,  Avho  built  a dam  across  the- 
river  Avhich,  however,  was  carried  away  by  high  Avater  the  next 
season.  It  A\^as  replaced  and  in  1813  a sawmill  put  in  operation. 
In  1826  John  E.  BroAvn  erected  a gristmill.  James  Wood  & Sons 
began  the  erection  of  a woolen  factory  about  1830,  and  in  1836 
the  Jefferson  Woolen  Company  was  formed  with  |100,000  capital 
for  the  construction  and  operation  of  a Avoolen  mill.  The  mill 
Avas  built  in  1837,  but  the  iiiA'estment  soon  proved  a failure.  Sub- 
sequently the  mill  was  operated  by  private  parties. 
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Bivinivillc.  Jacob  Brown  erected  a sawmill  at  Browiiville  in 
1800  and  a j»ristmill  in  1802,  but  it  was  not  until  180G  that  a 
dam  was  built  across  Black  river  at  this  place.  In  1814  a com- 
pany was  formed  to  construct  and  operate  a cotton  mill  at  Brown- 
ville  with  a capital  stock  of  |100,000.  This  mill  was  operated 
with  varying  fortunes  until  about  I860.  In  1820  a woolen  factory 
and  various  other  enterprises  Avere  inaugurated. 

Watertown.  At  Watertown  the  first  dam  Avas  built  across  the 
south  channel  at  Beebee’s  island  by  Jonathan  'Cowan  in  1802  to 
operate  a gristmill.  In  1805  Coffeen’s  dam  Avas  built  at  the  lower 
falls  and  about  1814  the  dam  at  Soules  island  was  constructed, 
but  it  was  not  until  1835  that  the  large  dam  across  the  north 
channel  at  the  head  of  Beebee’s  island  was  built.  According  to 
Dr  Hough,  these  four  original  dams  of  1802,  1805,  1814  and  1835 
were  still  standing  in  1854^  but  the  flood  of  1869,  at  any  rate, 
worked  sad  havoc  Avith  some  of  them.  The  present  stone  dam 
across  the  south  channel  of  Beebee's  island  Avas  constructed  in 
1869. 

The  first  important  manufacturing  industry  other  than  the 
grist  and  saAv  mills  Avas  CaswelPs  paper  mill,  started  in  1808. 
This  mill  was  the  forerunner  of  the  paper  industry  on  Black 
riA^er.  The  machinery  consisted  of  a small  rag  machine,  carrying 
about  150  pounds  of  rags;  tAvo  or  three  potash  kettles,  set  in  a 
brick  arch,  for  boiling  rags  and  preparing  sizing;  one  vat  for 
making  the  ]>aper  sheet  by  sheet,  and  a rude  standing  press  to 
squeeze  the  Avater  out  of  the  pack.  After  pressing,  the  sheets  Avere 
taken  from  the  pack  and  hung  on  ])oles  to  dry,  and,  if  intended 
for  AATiting-paiper,  Avere  afterAvards  dipped  in  sizing  and  again 
dried.  The  entire  ])rocess  Avas  Avorked  Avithout  the  use  of  steam 
or  bleaching  material.  As  a substitute  for  calendering,  the  sheets 
were  pressed  betAveen  boards.  The  output  was  about  150  pounds 
of  paper  per  day.  This  mill  continued  to  make  paper  until  1833, 
when  it  Avas  sold  to  KnoAvlton  & Rice,  Avho  had  begun  the  manu- 
facture of  paper  on  a more  extended  scale  in  1824.  This  firm 
continued  to  be  the  only  paper  manufacturers  on  Black  river 
until  1854,  in  which  year  I.  Remington  & Sons  fitted  up  a mill 
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with  four  rag  machines  and  an  84-inch  Fourdrinier  machine. 
This  mill  made  newspaper  only  and  had  a capacity  of  three  tons 
per  day.  From  these  small  beginnings  have  grown  up  the  exten- 
sive paper  industries  of  Black  river. 

As  already  stated,  the  first  manufacturing  industry  in  the 
village  of  Watertown  was  the  primitive  gristmill  built  by 
Jonathan  Cowan  in  1802.  This  was  the  forerunner  of  extensive 
flouring  mills  at  this  place  later  on.  The  Bailey  & Clark  and 
Colfeen  mills,  of  small  capacity,  were  both  built  at  some  date 
previous  to  1812,  but  it  was  not  until  1835  that  Joseph  Sheldon 
and  Philo  C.  Moulton  built  the  Union  mills,  with  a capacity  of 
200  barrels  of  flour  per  day.  The  Excelsior  flour  mills  were 
erected  by  Moulton  & Simons  in  1845.  This  mill  is  now  operated 
by  the  A.  H.  Ilerrick  & Son  Company,  incorporated  in  1895  with 
a capital  of  |50,000  by  A.  H.  and  E.  W.  Herrick  and  George  G. 
Lee.  This  mill  has  a capacity  of  100  barrels  of  wheat  flour  and 
100  barrels  of  buckwheat  per  day.  The  Jefferson  flour  mills  were 
erected  in  1855  and  operated  until  about  1880,  when  the  prop- 
erty was  sold  to  Knowlton  Brothers  and  converted  into  a pulp 
mill.  The  Crescent  flour  mills  were  built  by  Fuller,  Isdell  & 
Willard  in  1870  and  succeeded  the  old  Phoenix  mill  of  earlier 
years,  which  was  carried  away  by  the  flood  of  1869.  Crescent 
mill  now  has  19  stands  of  rolls,  a daily  capacity  of  200  barrels 
of  flour.  The  Electric  mill,  built  in  1895,  is  operated  by  electrical 
power  derived  from  wheels  of  Taggart  Brothers  Company.  It  is 
used  exclusively  for  grinding  feed,  and  has  a capacity  of  250 
barrels  per  day. 

In  the  early  days  of  Watertown  several  tanneries  were  operated, 
the  first  industry  of  this  character  having  been  established  in 
1808,  in  which  year  C.  McKnight  set  up  a saddle  and  harness 
business  and  prepared  and  tanned  his  own  leather.  Jason  Fair- 
banks established  an  extensive  tannery  in  1823,  although  he  had 
done  tanning  on  a small  scale  for  several  years  previous  thereto. 
Holt  & Beecher  established  a tannery  at  some  date  previous  to 
1830,  which  remained  in  operation  until  carried  away  by  the 
flood  of  1856.  Several  other  tanneries  were  started  at  different 


HYDROLOGY  OF  NEW  YORK 


229 


times,  but  with  the  changed  conditions  of  business  they  have  all 
passed  away.  These  tanning  establishments  all  used  power  from 
Black  river  for  grinding  bark. 

Beginning  with  the  time  of  the  war  of  1812-15,  the  manufac- 
ture of  cotton  and  woolen  goods  became  an  important  industry  on 
Black  river,  the  Black  River  Cotton  & Woolen  Manufacturing 
Company  having  been  incorporated  in  1813  with  a capital  of 
|100,000.  In  1827  Levi  Beebee  erected  the  Jefferson  cotton 
mills,  equipped  with  10,000  spindles  and  said  to  have  cost  about 
$200,000,  being  at  that  time  one  of  the  largest  cotton  mills  in 
the  State.  This  mill  was  destroyed  by  fire  in  1833.  Watertown 
Cotton  Mills  Company  was  incorporated  in  1834  with  a capital  of 
$100,000.  This  company  ran  50  looms,  but  after  several  years, 
the  business  becoming  unprofitable,  it  was  discontinued.  The 
Hamilton  Woolen  Mills  Company,  which  developed  the  water 
power  at  the  head  of  SewalFs  island,  was  established  in  1835 
with  a capital  of  $100,000.  The  dam  and  factory  were  built  in 
1836.  In  1842  the  plant  was  purchased  by  the  Black  River 
Woolen  Company,  which  built  a new  mill  and  carried  on  a fairly 
successful  business  until  1841,  when  the  plant  was  burned.  Sub- 
sequently the  business  was  revived  by  Loomis  & Co.,  who  employed 
about  seventy  hands  in  the  manufacture  of  woolen  goods.  Other- 
manufacturing  enterprises  of  this  class  were  the  Watertown 
Woolen  Company  and  the  Watertown  Woolen  Manufacturing 
Company.  The  cotton  and  woolen  manufacturing  establishments 
on  Black  river  are  now -all  out  of  existence. 

The  machine  shop  of  Nathaniel  Wiley,  established  about  1820, 
was  the  first  iron  manufacturing  establishment  at  Watertown. 
In  1823  George  Golding  established  a machine  shop  on  SewalFs 
island,  making  mill  gearings,  factory  machines  and  an  occasional 
steam  engine.  This  shop  ultimately  led  to  the  founding  of  the 
present  Bagley  & Sewall  Company,  which  is  one  of  the  largest 
establishments  of  its  kind  in  the  northern  part  of  the  State, 
employing  about  125  hands,  chiefiy  in  the  manufacture  of  paper- 
mill  machinery.  The  Watertown  Steam  Engine  Company  has 
grown  out  of  a small  business  established  by  Hoard  & Bradford 
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in  1851.  These  works  employ  about  225  men  and  mannfadnre 
high-speedj  direct-acting  engines,  stationary  and  portable,  and 
agTicnltnral  engines  and  boilers  of  all  kinds.  The  New  York  Air 
Brake  Company,  which  is  stated  to  be  the  largest  maiinfactnring 
industry'  at  Watertown,  dates  back  to  18G1,  The  foniidry  of  this 
company  uses  water  power  from  the  Black  riyer. 

A large  number  of  other  mannfactnring  esitablishments  baye 
been  established  at  Watertown,  taking  water  power  from  Black 
river,  as  for  instance  the  Union  Carriage  & Gear  Company, 
Watertown  Brass  t'c  ^lannfactnring  Com])aiw,  Watertown  Ther- 
mometer Company,  the  El  wood  Silk  Company,  Harmon  Machine 
Company,  the  IT.  H.  Babcock  Company  and  others.  The  H.  H. 
Babcock  Com]>any  is  one  of  the  leading  carriage  mannfa(‘tnring 
industries  of  the  State;  when  working  at  full  capacity  this  com- 
pany employs  about  175  hands. 

Beaver  River  village.  A sawmill  was  built  at  this  place  in  180G, 
which  was  carried  away  by  high  water  and  rebuilt  the  next  year. 
A gristmill  was  erected  in  1810  and  another  sawmill  in  1815.  In 
1839  David  Dexter  founded  an  extensive  chair  factory.  Other 
early  industries  ^^’ere  Poor’s  chair-stock  factory  and  AYilcox 
coffin  and  casket  works,  which  have,  however,  given  way  to  more 
recent  enterprises.  Various  other  milling  industries  have  been 
operated  at  this  place  at  various  times. 

Felts  Mills.  A dam  was  constructed  across  Black  river  at  this 
place  in  1821,  and  in  1822  what  is  known  as  the  old  stone  mill, 
which  still  stands,  was  erected.  It  has  not  been  operated  for  the 
last  ten  years.  Large  sawmills  were  erected  by  John  Felt  in  1821. 
The  Taggart  Paper  Company,  Avhich  is  now  the  only  industry 
using  AA’ater  power  at  Felts  Mills,  erected  its  plant  in  1889. 

Great  Bend.  A dam  Avas  constructed  across  the  Black  ri\^er  at 
this  place  in  180G  and  a saAvmill  built,  Avhich  Avas  soon  carried 
aAvay  by  high  Avater  but  at  once  replaced.  Between  1815  and  1821 
the  place  deA’^eloped  a number  of  milling  enterprises,  which  are 
not  specifically  described  in  the  early  history.  The  large  mill 
of  the  Taggart  Paper  Company  is  now  the  only  water-power 
industry  at  this  place. 
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Carthage.  At  Carthage  we  have  what  are  known  as  the  long- 
falls  of  Black  river,  the  river  falling  at  this  place  55  feet 
vertically  in  a distance  of  4G00  feet.  The  first  wate'r-power 
establishment  was  David  Coffeeifis  gristmill,  erected  on  the  west 
])ank  of  the  river  in  1806,  power  therefor  being  furnished  by  a 
wing  dam  extending  diagonally  up  the  stream  from  the  mill.  A 
forge,  operated  by  water  power,  was  built  in  1816  on  the  east  side 
of  the  river,  and  Colleen’s  dam  extended  entirely  across  in  order 
to  furnish  power.  A blast  furnace  taking  power  from  the  river 
was  built  in  1819.  A nail  factory  was  erected  in  1828. 

In  1830  a tannery  was  erected  on  what  is  known  as  Tannery 
island.  A gristmill  was  built  on  Guyot’s  island  in  1838.  Since 
that  time  there  have  been  in  operation  on  this  island  a forge,  a 
rolling  mill,  a gfistmill,  nail  works,  ax  factory,  broomhandle 
works,  furniture  factory,  carding  mill  and  general  repair  shops. 
The  large  rolling  mill  and  nail  factory  of  Hiram  McCollom  was 
begun  in  1845,  avIio  also  ‘built  a foundry  on  Furnace  island  in 
the  same  year.  The  foundry  is  still  in  operation. 

The  foregoing  brief  account  of  the  early  manufacturing  indns- 
tries  of  the  lower  Black  river  valley,  while  only  a skeleton,  is  still 
extensive  enough  to  indicate  how  thoroughly  manufacturing  has 
been  identified  with  the  development  of  this  valley  from  the  very 
beginning.  It  is  certainly  clearly  shown  that  the  material  pros- 
perity of  the  I’egion  has  been  greatly  advanced  by  Black  river 
water  power. 

Water  power  of  Black  river.  In  order  to  sho-w  the  development 
of  water  power  on  Black  river,  we  may  further  consider  table 
No.  128^  water  power  in  use  on  Black  and  Beaver  rivers  (approxi- 
mate), as  given  in  the  writer’s  Report  to  the  Board  of  Engineers 
on  Deep  Waterways,  pp.  846-852,  inclusive.  The  following  abstract 
of  this  table  shows  that  there  are  twenty*  dams  on  Black  river 
from  Dexter  to  Iwon  Falls,  inclusive,  with  ninety-three  establish- 


ments doing  business : 

Total  horsepower  of  water  wheels  in  use. . . . 54,050 

Total  steam  power  used 1,482 

Value  of  establishments |T, 836,100 

Value  of  the  annual  product 110,887,170 

Number  of  hands  employed  in  mills 3,900 
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In  the  Report  to  the  Board  of  Engineers  on  Deep  Waterways  a 
detailed  statement  is  given  of  the  water  power  and  business  at 
each  mill,  but  these  statements  are  too  much  in  detail  to  reproduce 
here.  In  order  to  bring  these  statistics  down  to  date  the  Water 
Storage  Commission  in  1902  sent  to  each  mill  owner  a printed 
copy  of  the  statements  as  to  power,  valuation  of  plant  and  of 
product,  number  of  men  employed,  etc.  with  the  request  that  the 
statement  should  be  corrected  if  any  of  the  conditions  had  been 
changed.  In  this  way  it  was  learned  that  a few  small  shops  had 
been  discontinued,  a number  of  new  powers  had  been  built  and 
a number  had  increased  their  capacity  and  business.  The  follow- 
ing is  a summary  of  the  results,  as  taken  from  the  Report  of  the 
Water  Storage  Commission.  A number  of  mills  lying  on  the 
■Moose  and  Deer  rivers  are  also  added,  which  were  not  included 
in  the  Report  to  the  Board  of  Engineers  on  Deep  Waterways: 


Number  of  dams  furnishing  water  power. . . 44 

Total  horsepower  of  water  wheels  in  use.. . . 71,133 

Total  steam  power  used 6,037 

Value  of  establishments 112,302,100 

Value  of  annual  product 15,101,440 

Number  of  hands  employed 5,349 


The  permanency  of  Black  river  runoff.  In  view  of  the  vast 
commercial  interests  in  the  water  power  of  Black  river,  the  ques- 
tion as  to  the  permanency  of  Black  river  runoff  becomes  of 
considerable  importance.  It  has  been  shown  on  a preceding  page 
that  reasoning  from  precipitation  data,  purely,  it  is  quite  possible 
there  may  occur  a year  when  the  runoff  will  be  less  than  any  thus 
far  observed. 

As  regards  maintaining  the  observed  runoffs  of  Black  river,  the 
conditions  are,  on  the  whole,  reassuring.  For  a number  of  years 
the  writer  has  been  gathering  data  as  to  the  effects  of  forests  in 
conserving  stream  flow,  with  the  result  of  satisfying  himself  that 
it  may  be  tentatively  stated  that  forests  do  conserve  and  increase 
the  runoff  of  issuing  streams  somewhat.  The  reasons  for  this 
conclusion  are  stated  at  length  on  another  page  and  will  not  be 
gone  into  here. 


Plate  2. 


A.  View  of  Black  river  at  the  village  of  Black  River. 


B.  View  of  Black  river  at  village  of  Brownsville. 
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111  order  to  show  the  relative  proportions  of  virgin  forest, 
culled  area  from  which  the  merchantable  timber  has  been  removed 
(which,  in  the  case  of  the  Adirondacks,  is  soft  wood),  the  cleared 
area,  and  the  water  area  for  a considerable  extent  of  the  Adiron- 
dack region,  several  of  the  topographical  sheets  of  the  United 
States  Geological  Survey  have  been  taken  and  the  areas  of  the 
different  classes,  as  just  detailed,  colored  in,  the  data  used  for 
this  purpose  being  that  gathered  by  the  United  States  Geological 
Survey  in  the  original  preparation  of  the  maps.  The  following 
are  the  figures  derived  from  three  sheets  covering  areas  either  in  or 
adjacent  to  the  headwaters  of  Black  river,  namely,  Old  Forge, 
Wilmurt  and  Canada  Lakes  sheets.  The  following  tabulation 
shows  that  for  these  three  topographic  sheets  the  total  area  of 
virgin  forest  is  234.91  square  miles;  of  culled  area,  358.73  square 
miles;  of  cleared  area,  39.88  square  miles;  water  area  of  lakes 
and  ponds,  17.50  square  miles;  the  total  area  included  in  the 
three  maps  is  651  square  miles.  The  Remsen  sheet,  which  covers 
an  area  just  in  the  edge  of  the  great  northern  forests  shows  83.98 
square  miles  of  culled  area  and  133.01  of  cleared  area,  the  total 
of  the  sheet  being  217  square  miles.  Farther  to  the  north  and 
west,  in  the  vicinity  of  Carthage,  IVatertown  and  in  the  lower 
part  of  the  Black  river  basin,  generally  the  cleared  area  is  pro- 
portionately considerably  larger  than  on  the  Remsen  sheet.  It  is 
in  many  places  substantially  like  the  Schuylerville  and  Glens 
Falls  sheets  tabulated  farther  on. 


Virgin 

forest, 

square 

Topographic  sheet  miles 

Old  Forge 59.96 

Wilmurt  4.75 

Canada  Lakes  170.20 


Total  234.91 


Remsen 

234.91 


Culled 

area, 

square 

miles 

Cleared 

area, 

square 

miles 

Water 

area, 

square 

miles 

Total 

area, 

square 

miles 

130.85 

14.25 

11.30 

216.40 

186.23 

24.38 

1.95 

217.30 

47.65 

1.25 

4.25 

217.30 

358.73 

39.88 

17.50 

651.00 

83.98 

133.01 

217.00 

442.71 

172.89 

17.50 

868.00 

Final  total 
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Tile  foregoing  sheets  are  ail  of  the  topographic  maps  of  the 
State,  either  including  or  in  the  vicinity  of  the  Black  river  catch- 
ment area,  which  Avere  available  in  1899.  We  have,  however, 
eight  sheets  either  inclnded  in  or  in  the  vicinity  of  the  upper  Hud- 
son catchment  area,  as  follows:  Xewcoiinb,  Bolton,  Paradox  Lake, 
Elizabethtown,  ]\[onnt  Marcy,  Indian  Lake,  Schroon  Lake  and 
Thirteenth  Lake  sheets.  The  statistics  of  these  sheets  are  given 
in  the  following  tabulation : 


A'irgin 

Culled 

Cleared 

AVater 

Total 

forest, 

area, 

area. 

area. 

area, 

square 

square 

square 

square 

square 

Topographic  sheet 

miles 

miles 

miles 

miles 

miles 

Newcomb  

186.10 

24.50 

4.90 

215.5 

Bolton 

153.00 

43 . 55 

19.85 

216.4 

Paradox  Lake... 

171.55 

38.60 

5.35 

215.5 

Elizabethtown  . . 

14.45 

137.10 

61.50 

1.95 

215.0 

Mount  Marcy  . . . 

138.45 

9.90 

65.00 

1.65 

215.0 

Indian  Lake  .... 

10.40 

193.40 

6.15 

6.45 

216.4 

Schroon  Lake. . . 

1.10 

172.10 

35.80 

6.50 

215.5 

Thirteenth  Lake. 

0.25 

184.55 

29.60 

2.00 

216.4 

Total  

164.65 

1,207.70 

304.70 

48.05 

1,725.7 

Fort  Ann 32.60  184.70  217.3 


North  Creelv 

117.40 

96.05 

2.95 

216.4 

Glens  Falls 

77.90 

125.60 

13.08 

217.3 

Cambridge 

56.00 

160.00 

8.22 

218.2 

Schuylerville 

....  27.55 

182.65 

8.00 

218.2 

Total 

311.45 

749.00 

.32.25 

1,087.4 

Final  total 164.65  1,519.15 

1,053.70 

80.90 

2,813.1 

The  following  are 

the  totals  for 

the  foregoing  eight 

sheets : 

virgin  forest,  164.65 

square  miles ; 

culled  area, 

1207.70 

square 

miles;  cleared  area,  304.70  square  miles;  water  area,  48.65  square 
miles;  total  area,  1725.7  square  miles. 
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Wo  also  have  five  slieots  either  in  or  in  the  vicinity  of  the  Hudson 
river  catchment  area,,  namely,  Fort  Ann,  North  Creek,  Glens  Falls, 
Cambridge  and  Schnylerville.  The  totals  for  these  five  sheets  are 
virgin  forest,  0;  culled  area,  311.45  square  miles;  cleared  area, 
749.0  square  miles;  water  area,  32.25  square  miles;  toital  area  of 
the  five  sheets,  1087.4  square  miles.  In  a portion  of  the  region 
covered  by  these  sheets  the  tendency  is  for  many  of  the  hard,  stony 
hill  farms  to  revert  to  forest  conditions.  We  may  assume,  there- 
fore, that  throughout  the  Adirondack  region  the  forest  area  is 
slowly  increasing. 

As  a summation  of  this  discussion  it  may  be  concluded,  taking 
into  account  the  erection  by  the  State  of  New  York  of  the  Adiron- 
dack park,  as  well  as  the  tendency  to  abandon  stony  farms,  that  on 
the  whole  the  conditions  governing  the  runoff  of  streams  on  Black 
river  are  improving.  The  same  thing  is  true  of  the  Hudson  and 
Mohaw^k  rivers  or  of  any  other  stream  issuing  from  the  State 
forests.  Deductions,  therefore,  based  on  what  has  happened  in 
the  past  may  be  expected  to  be  realized  in  the  future. 

The  main  water  poiver  developments  of  New  York.  In  the  State 
of  New  York  there  are  seven  large  towns,  at  all  of  which  the 
original  basis  of  the  development  was  water  power,  namely,  Lock- 
port,  Rochester,  Oswego,  Watertown,  Little  Falls,  Glens  Falls 
and  Cohoes.  The  recent  development  of  the  city  of  Niagara  Falls 
is  also  due  purely  to  the  water  power  of  Niagara  river,  but  this 
was  not  the  original  basis  of  growth.  The  attraction  of  the  falls 
as  a great  natural  curiosity  gave  this  place  its  original  impulse. 
There  are  also  a number  of  smaller  places  in  the  State  where 
water  power  has  developed  towns,  but  the  foregoing  are  the  larger 
ones.  Moreover,  so  strong  has  been  the  impulse  of  the  water 
power  that  several  of  these  towns  have  developed  at  locations 
where  there  were  serious  adverse  conditions.  At  Lockport  there 
is  no  water  supply  within  reasonable  distance.  Even  in  1904, 
aside  from  a few  polluted  wells,  the  water  supply  for  the  town 
is  still  taken  from  Erie  canal,  which  receives  the  sewage  of  over 
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70,000  people  at  Buffalo.^  Lockport  is  a specially  interesting 
case,  because  the  original  water  power  at  that  place  was  arti- 
ficially created  bv  the  construction  of  the  Erie  canal. 

At  Rochester  the  conditions  were  also  somewhat  forbidding. 
An  extensive  black  ash  swamp  occupied  the  area  now  covered  by 
the  original  first,  second  and  third  wards  of  that  city,  and  which 
is  now  largely  the  business  part  of  the  town. 

Because  of  its  location  on  Lake  Ontario,  and  at  the  mouth  of 
Oswego  river,  Oswego  may  be  possibly  considered  a natural  town 
site,  although  considerable  amounts  of  money  have  been  expended 
to  construct  a harbor  there,  while  not  very  far  away  the  fine 
harbors  of  Sodus  bays  are  still  practically  unutilized.  By  way 
of  comparing  the  Sodus  bays  harbors  with  Oswego,  we  may  refer 
to  the  annual  report  of  the  Chief  of  Engineers  for  the  fiscal  year 
ending  June  30,  1898,  from  which  it  appears  that  the  total  amount 
expended  for  the  harbor  at  Great  Sodus  bay  from  May  23,  1828,  to 
June  3,  1896,  inclusive,  was  |475,616.80 ; at  Little  Sodus  bay  from 
August  20,  1852,  to  June  3,  1896,  the  total  amount  expended  was 
$332,941.77,  and  at  Oswego  from  March  20,  1826,  to  June  3,  1896, 
The  total  amount  expended  was  |1, 902,612.87.  Had  it  not  been  for 
the  water  power  at  Oswego  it  is  quite  possible  that  the  chief, 
town  of  the  east  end  of  Lake  Ontario  might  have  been  located 
at  some  place  other  than  the  mouth  of  the  Oswego  river,  although 
in  considering  these  figures  as  to  the  cost  of  harbor  we  may  prop- 
erh”  take  into  account  that  Oswego  has  become  a large  town,  while 
there  are  still  only  very  small  towns  on  Sodus  bays. 

At  Watertown  the  conditions  for  building  a city  may  be  con- 
sidered fairly  favorable  and  the  advantage  of  the  Black  river 
water  power  has  been  accentuated  by  the  admirable  site. 

At  Little  Falls  rocky  ledges  in  a narrmv  river  gorge  have 
operated  to  make  the  cost  of  building  a town  expensive,  and  the 

^For  account  of  water  supply  of  Lockport,  see  the  following  reports:  (1) 
Report  on  the  Water  Supply  of  the  Western  Division  of  Erie  Canal,  dated 
April  15,  1896,  (2),  Report  on  a System  of  Domestic  Water  Supply  in  the 

Vicinity  of  Lockport,  N.  Y.,  dated  Nov.  27,  1908. 
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location  of  the  watei*  power  at  that  point  has  been  the  governing 
condition. 

Cohoes  would  not  be  selected  as  the  site  of  a city  aside  from 
the  location  of  extensive  water  power  there. 

Glens  Falls  may  be  considered  a good  site,  and  small  towns 
like  the  neighboring  villages  of  Fort  Edward  and  Sandy  Hill 
would  probably  in  any  event  have  grown  up  at  this  point. 

Economic  statistics  of  the  city  of  Watertown.  GeneTally,  we  may 
say  that  had  it  not  been  for  the  water  power,  these  seven  chief 
manufacturing  towns  of  New  York  would  either  never  have  come 
into  existence,  or  at  any  rate  would  not  have  developed  to  any 
such  extent  as  we  now  find  them.  In  taking  this  view,  however, 
it  is  not  ovei^looked  that  with  the  towns  once  started  other  causes 
have  contributed,  in  some  cases,  very  materially  to  their  advance- 
ment. What  may  be  fairly  assumed  is  that  the  water  power  was 
not  only  the  determining  cause  for  the  location  of  all  these  towns, 
but  that  they  have  grown  much  larger  on  account  of  possessing 
the  water  power  than  they  would  otherwise  have  grow.  It  is 
also  assumed  that  some  of  the  locations  are  so  unsatisfactory 
as  to  have  prevented  the  growth  of  any  town  except  there  were 
some  strong,  predetermining  cause  like  the  possession  of  water 
power.  It  appears  proper,  therefore,  to  examine,  in  the  present 
connection,  the  economic  value  of  the  water  powers  of  the  Black 
river  valley  to  the  State  of  New  York. 


Table  No.  38 — Economic  statistics  of  the  city  of  Watertown 
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In  order  to  make  such  showing  we  may  consider  the  statistics 
of  the  city  of  Watertown,  as  given  by  table  No.  38,  showing 
the  amount  raised  for  State  tax  since  1869,  in  which  year  Water- 
town  became  a city,  to  1898,  inclusive.  In  this  table  column  (1) 
shows  the  years  in  sequence;  column  (2)  the  area,  which  has 
remained  fixed  during  the  whole  period  at  3237  acres;  column  (3) 
the  assessed  valuation  each  year;  column  (4)  the  rate  on  the 
dollar  of  the  State  tax;  columns  (5),  (6)  and  (7)  the  State  taxes 
for  each  year;  column  (8)  the  total  State  tax  on  an  equal  area 
of  farming  land  in  the  adjoining  township  of  Watertown;  colunm 
(9)  the  annual  net  profit  to  the  State  on  account  of  the  city  of 
Watertown — that  is  to  say,  the  difference  of  columns  (7)  and  (8)  ; 
and  column  (10)  the  present  value  (amount)  of  the  annual  net 
profit,  being  the  total  increase  in  wealth  in  the  State  by  reason 
of  the  values  created  at  Watertown.  The  rate  of  6 per  cent  has 
been  used  in  computing  column  (10).  Refer-ring  to  the  footings 
of  the  table,  it  appears  that  the  total  State  tax  from  1869  to 
1898,  inclusive,  was  |472,330.16,  and  that  the  total  State  tax  on 
an  equal  area  in  the  adjoining  township  of  Watertown  has  been, 
for  the  same  period,  |9,918.41.  A comparison  of  these  two 
columns  shows  forcibly  the  economic  value  to  the  State  of  munici- 
pal developments.  The  footing  of  column  (9),  which  is  the  differ- 
ence of  columns  (7)  and  (8),  is  |462,411.75.  The  total  value 
(amount)  in  1898  was  11,435,193.38.  These  figures,  it  will  be 
rememibered,  represent  merely  State  taxation — they  do  not  repre- 
sent the  increment  to  the  county,  the  municipality  itself,  or  to  the 
private  wealth  of  citizens. 

Inasmuch  as  Lockport  is  a town  of  about  the  same  size  as 
Watertown,  it  is  of  interest  to  compare  the  statistics  of  the  two 
places.  Lockport  was  made  a city  in  1865,  and  the  statistics 
have  been  brought  up  to  and  including  the  year  1896.  The 
assessed  valuation  in  1865  was  |2, 929, 130,  while  the  assessed 
valuation  of  Watertown  in  1869  was  |3,171,702.  The  assessed 
valuation  of  Lockport  in  1896  was  |6, 785, 100,  and  of  Watertown 
in  1898,  19,359,612.  The  total  State  tax  at  Lockport  from  1865 
to  1896,  inclusive,  was  |511,861.59;  the  total  State  tax  on  an 
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equivalent  area  of  farming  land  in  the  adjoining  townslii])  of 
Lockport  was  |17, 692.88;  the  total  annual  net  profit  to  the  State 
on  account  of  the  city  of  Lockport  for  the  whole  period  from 
1865  to  1896,  inclusive,  was  |494,169.16,  and  the  present  value 
(amount)  is  found  to  be  11,584,765.17.^ 

Streams  flowimg  into  St  Lawrence  river.  Proceeding  along  the 
St  Lawrence  river  we  find  a number  of  streams,  such  as  the 
Oswegatchie,  which  flows  into  the  St  Lawrence  at  Ogdensburg; 
the  Grasse,  which  enters  the  St  Lawrence  near  the  north  line  of 
the  State;  the  Raquette  and  St  Regis,  flowing  into  the  St  Lawrence 
a short  distance  below  the  Grasse,  and  finally  the  Chateaugay, 
which  flows  from  this  State  into  the  Dominion  pf  Canada  and 
thence  into  the  St  Lawrence.  These  streams  all  head)  in  and 
about  the  Adirondack  plateau  and,  as  a rule,  fall  rapidly  from 
their  sources  to  near  their  mouths,  affording  large  water  powers, 
which  thus  far  liave  been  cliiefly  utilized  for  pulp  grinding,  paper 
making,  and  sawing  lumber. 

There  is  a lack  of  definite  information  in  regard  to  all  the 
streams  of  the  northern  part  of  the  State.  No  detailed  surveys 
of  this  region  have*  been  made.  Partial  reservoir  systems  have 
been  constructed  on  the  Oswegatchie,  Grasse,  and  Raquette  rivers. 
Some  of  the  economic  questions  involved  in  the  construction  of 
these  reservoirs  have  been  discussed  on  another  page. 

Until  within  a year  or  two,  no  measurements  had  been  made  of 
any  of  the  streams  tributary  to  the  St  Lawrence  river  proper.  It 
is  probable,  however,  that  several  of  them  are  the  best  water- 
yielding  streams  of  the  State,  because  they  flow  from  the  great 
northern  forest,  and  because  their  headwaters  are  in  the  extensive 
lake  region  which  lies  immediately  west  of  the  main  Adirondack 
mountains,  and  which  extends  westward  from  the  base  of  the 
main  range  to  the  borders  of  the  forest,  a distance  of  nearly 
50  miles.  This  portion  of  the  Adirondack  plateau  is  compara- 
tively level.  As  regards  geographic  distribution,  these  lakes  are 
most  numerous  in  the  northern  parts  of  Herkimer  and  Hamilton 


1 Abstract  from  Report  to  the  Board  of  Engineers  on  Deep  Waterways. 
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coimtios  ami  the  southern  parts  of  St  Lawrence  ami  Lraiiklin 
counties.  Tliose  in  Herkimer  county  flow  into  the  Moose  and 
Beaver  rivers,  tributaries  of  Black  river.  The  following  are  the 
elevations  of  a few  of  the  more  important  lakes  of  Hamilton,  St 
Lawrence,  and  Franklin  counties,  which  are  tributary  to  streams 
flowing  northward  into  the  St  Laiwrence : 


Lake  Feet 

Cranberry  1,540 

Raquette 1,774 

Forked  1,753 

Long  1,630 

Little  Tupper 1,728 

Big  Tupper 1,552 


Oswegatchie  river.  This  stream  has  its  source  in  several  lakes 
and  swamps  on  the  Adirondack  plateau,  in  the  southern  portion 
of  St  Lawrence  county.  The  main  stream  is  the  outlet  of  Cran- 
berry lake  and  flows  in  a general  northwesterly  direction,  enter- 
ing the  St  Lawi’ence  river  at  Ogdensburg.  Indian  river,  one  of 
the  principal  tributaries  of  the  Oswegatchie,  rises  in  Indian  and 
Bonaparte  lakes,  flows  to  and  through  Black  lake  and  joins  the 
Oswegatchie  a few  miles  above  Ogdensburg.  The  following  are 
the  catchment  areas  of  the  Oswegatchie  river  and  its  main 
tributaries : 

Square  miles 


East  Branch  Oswegatchie  river  above  mouth 358 

West  Branch  Oswegatchie  river  above  mouth 272 

Oswegatchie  river  below  junction  of  two  branches 630 

Oswegatchie  river  above  Gouverneur 727 

Oswegatchie  river  above  Galilee 1,033 

Indian  river  above  Philadelphia 216 

Black  lake  above  Galilee 544 

Oswegatchie  river  below  Black  lake  junction 1,577 

Oswegatchie  river  above  Ogdensburg 1,609 


The  flow  of  the  Oswegatchie  at  OgdJensburg  varies  from  614 
cubic  feet  per  second  at  low  water  to  15,500  cubic  feet  per  second 
during  the  spring  floods. 
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Water  power  of  Osicegatchie  river.  Water  power  is  developed 
by  twenty-six  dams  on  the  Oswegatchie  and  its  branches,  and  is 
used  mainly  in  lumber  and  paper  industries  at  various  points, 
as  shown  by  the  following  tabulation  : 


Number  of  dam 

Number  of  mills  at  | 
(lam 

Location 

l"se 

Average  head,  in 
feet 

Number  of  em- 
ployees 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

1 

17 

Ogdensburg 

General  manufacturing 

8 

336 

2 

2 

Heiivelton 

Woodworking  and  gristmill. . 

8 

5 

3 

1 3 

Rensselaer  Falls. 

Sawmills  and  custom  mills . . . 

n 

31 

4 

1 

Coopers  Falls  . . . 

Sawmill  privileges  

8 

5 

4 

Wegatcliie 

Abandoned  woolen  mill.  Saw- 

mill ; runs  in  winter 

11 

6 

1 

Natural  Dam .... 

Saw  and  paper  mills 

19i 

150 

7 

7 

Cxouverneur 

General  manufacturing 

7 

82 

8 

1 

Hailsboro 

Talc  pulp 

9 

1 

TTailsl)oro 

Talc  pulp 

10 

2 

Hailsboro 

Woodworking  mills.  Custom 

grinding 

12 

4 

11 

1 

Hailsboro 

Talc  pulp 

18 

12 

1 

Hailsboro 

Oswegatchie  Light  & Power  Co 

20 

1 

13 

1 

Emeryville 

Gouverneiir  Wood  Pulp  Co. . . 

31 

33 

14 

1 

Dolgeville 

U.  S.  Talc  & Pulp  Co 

16 

11 

15 

1 

Talcville 

Talc  mine 

12 

1 

16 

2 

Edwards 

Grist  and  sawmills 

12 

10 

17 

South  Edwards. . 

18 

1 

Fine 

Saw  and  paper  mills 

19 

1 

Oswegatchie  .... 

Standard  Pulp  Co 

34 

20 

1 

Newton  Falls 

Wood  pulp 

20 

21 

1 

Newton  Falls. . . . 

Wood  pulp  paper 

38 

r lOU 

Water  Power  on  the  West  Branch. 


1 

Below  Fjullerville 

Talc  pulp 

13 

5 

1 

1 

Fullerville 

Fullerville 

Iron  works  (abandoned) 

Wood  and  talc  pulp 

12 

19i 

9 

13 

20 

1 

1 

Gears  Corners. . . 
Harrisville 

Sawmill  (abandoned) 

Gristmill 

3 

Cranberry  lake,  with  a water  surface  area  of  12.8  square  miles, 
could  furnish  additional  storage  if  the  present  dam  were  raised 
a few  feet.  Black  lake,  with  a water  surface  of  17.2  square  miles, 
is  virtually  an  enlargement  of  Indian  river  and  greatly  aids  in 
regulating  the  flow  at  Ogdensburg,  offering  a chance  for  additional 
storage  at  a reasonable  cost. 
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Grasse  river.  The  next  stream  is  Grasse  river,  which  drains  a 
long-,  nari-ow  catchment  area  lying  between  Oswegatchie  and 
Raquette  rivers.  The  channel  of  Grasse  river  is  parallel  to  the  St 
Lawrence  throughout  the  whole  eighteen  miles  of  its  course.  For 
several  miles  it  is  separated  from  the  St  Lawrence  by  a neck 
of  land  about  four  miles  in  width.  The  Long  Sault  rapids  of 
the  St  Lawrence  river,  comprising  a fall  of  about  50  feet,  occur 
within  this  reach.  This  fact  has  been  taken  advantage  of  for 
the  construction  of  an  hydraulic  power  plant  by  the  St  Lawrence 
Power  Company.  A canal,  three  and  one-half  miles  in  length, 
has  been  cut  across  the  divide,  by  which  water  is  diverted  from 
near  the  head  of  the  rapids  to  a power  plant  on  the  bank  of 
Grasse  river.  After  using,  the  water  is  turned  into  Grasse  river 
for  a tail-race;  35,000  horsepower  is  developed  under  a head 
of  42  feet.  The  catchment  area  of  Grasse  river  above  Canton 
is  113  square  miles  and  637  square  miles  above  its  mouth. 

Water  power  of  Grasse  river.  The  following  shows  the  prin- 
cipal developed  water  powers  on  Grasse  river,  but  not  including 
the  large  poAver  plant  at  Massena ; 


Number  of  dam 

Number  of  mills  at 
j dam 

Location 

Use 

Average  head,  in 
feet 

Number  of  em- 
ployees 

(1) 

(2) 

(3) 

(4) 

(6) 

1 

3 

Massena 

Grist  and  planing  mills 

8 

2 

2 

Lewisville 

Grist  and  sawmills 

7 

6 

3 

1 

Chase  Mills 

Custom  sawmill 

8 

2 

4 

5 

Madrid 

Clothing,  feed  and  sawmills. . 

7 

57 

5 

1 

Bucks  Bridge. , . . 

Sawmill 

84 

50 

6 

4 

Morley 

Woodworking  and  feed  mills. 

6 

8 

7 

4 

Canton 

Grist,  sawmills,  foundries,  etc. 

9 

8 

1 

Canton 

Sawmill 

9 

1 

Pyrites 

Sulphite  pulp  mill 

65 

10 

2 

Russell 

Woodworking  and  grist  mills. 

8 

8 

Water  power  on  Little  river. 


11 

1 

Little  River | Sawmill 

12 

12 

1 

Little  River I Woodworking  and  grist  mills. 

14 

3 

13 

1 

Little  River | Grist  mill 

14 

14 

1 

Little  River j 

12 

1 
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Raqiiette  river.  This  river  flows  northerly  through  St  Lawrence 
county,  entering  the  St  Lawrence  liver  near  the  Canadian  line. 
It  drains  a long,  narrow  catchment  area,  extending  from  the 
north  part  of  Hamilton  county  to  the  St  Lawrence  river.  The 
upper  portion  of  the  catchment  is  a flat  plateau,  with  many  lakes, 
furnishing  opportunities  for  storage  at  reasonable  cost.  After 
leaving  this  plateau,  the  stream  descends  rapidly,  forming  many 
excellent  sites  for  water-power  developments. 

The  following  are  the  main  divisions  of  the  catchment  area  of 
Raquette  river: 

Square  miles 


Above  Piercefield 695 

Above  Hannawa  Falls 967 

Above  Massena  Springs 1,188 

Above  mouth 1,240 


The  following  gives  the  water-surface  areas  and  the  catchment 


areas  of  some  of  the  lakes  on  the  upper  plateau  tributary  to 
Raquette  river : 


Blue  Mountain  lake. 

Raquette  lake 

Forked  lake 

Long  lake 

Little  Tapper  lake. . . 
Big  Tapper  lake 


Surface  Catchment 
area,  area, 

sciuare  miles  square  miles 

2.0  39 

10.0  94 

2.3  40 

8.7  152 

4.0  59 

7.5  


Storage  can  be  secured  in  Big  Tapper,  Little  Tapper,  Long  and 
Raquette  lakes  at  a reasonable  cost,  owing  to  their  being  bordered 
by  cheap  flatland,  a great  portion  of  which  is  a part  of  the  State 
Forest  preserve.^ 

Storage  reservoirs  can  be  built  at  other  points  on  the  Raquette, 
notably  at  Moosehead  in  township  6 on  Cold  river,  and  on  Moose 
creek. 


^ This  statement  does  not  take  into  account  that  there  is  at  present  a 
constitutional  provision  against  the  cutting  of  forests. 
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Water  poicer  of  Raquettc  river.  The  following  water  powers 
on  Kaquette  river  are  either  fully  or  partially  developed : 


Owners  and  location 

Present 
head  in 
feet 

If  fully 
developed, 
head  in 
feet 

1 Kent’s  mills,  in  Norfolk 

5 

5 

2 Raymondville  (State  dam) 

5 

5 

3 Raymondville  Paper  Company 

14 

14 

4 Remington-Martin  Company,  Norfolk 

44 

44 

5 Remington-Martin  Company,  Yaleville. . . . 

12 

20 

6 Frost  Paper  Company,  Norwood 

10 

20 

7 Raquette  River  Paper  Company,  Union 
Mills  

18 

22 

8 Raquette  River  Paper  Company,  Dewitt- 
ville 

16 

22 

9 A.  Sherman  Lumber  Company,  Sissonville. 

12 

14 

10  Potsdam  Village  Power,  Potsdam 

8 

10 

11  Hanna wa  Falls  Water  Power  Company. . . 

90 

90 

12  Raquette  River  Pulp  Company,  Colton .... 

28 

28 

13  Piercefield  Paper  Company,  Piercefield. . . 

34 

34 

296  328 


The  following  Avater  powers  on  Raquette  river  are  undeveloped  : 

Number  of 
feet  fall 


Sols  Island 22 

Starks  falls 40 

Leonard  falls 75 

Gain-Twist  falls  75 

Rainbow  falls 70 

Five  falls 70 

South  Colton  falls  (undeveloped) 40 

Higley  falls 25 

Colton  falls  (undeveloped) 250 

Norfolk  (undeveloped) 30 


Comprising  697 
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The  foregoing  undeveloped  powers  maj  be  considered  as  either 
vertical  falls  or  as  rapids  of  sharp  descents.  In  addition,  the 
following  with  smaller  catchment  areas  and  less  rapid  descent, 
may  be  enumerated : Buttermilk  falls,  above  Long  lake ; Raquette 

falls,  below  Long  lake;  Jamestown  falls  and  Moody  falls.  There 
is  about  70  feet  fall  per  mile  at  all  these  places.  There  are  also 
numerous  small  falls  and  rapids,  capable,  when  the  country  is 
settled  and  lines  of  communication  established,  of  furnishing  valu- 
able power,  although  at  present  such  water  powers  have  less  value 
than  they  otherwise  would  have  because  there  is  no  way  of  utiliz- 
ing them.  The  discussion  on  a later  i)age  of  this  report,  how- 
ever, as  to  the  developing  of  mountain  powers  and  transmitting 
them  electrically  may  be  taken  into  account  in  estimating  the 
value  of  undeveloped  water  powers.  With  efficient  water  storage 
on  the  many  fine  lakes  at  the  liead waters  of  Raquette  river,  it  is 
perhaps  possible  to  keep  the  stream  in  its  lower  reaches  (at 
Piercefield  and  below)  up  at  all  times  to  at  least  1000  cubic  feet 
per  second.  Assuming  that  it  is  practical  to  develop  900  feet 
out  of  the  possible  total  of  1025,  we  would  have  about  100,000 
gross  horsepower  from  this  stream  alone,  and  this  estimate  does 
not  take  into  account  a number  of  the  smaller  water  powers.^ 

St  Regis  river.  This  stream  rises  in  various  Adirondack  lakes 
in  the  southern  part  of  Franklin  county,  flows  northerly  into  and 
through  St  Lawrence  county  and  enters  the  St  Lawrence  river  at 
St  Regis  village.  Like  most  of  the  streams  flowing  north  from  the 
Adirondacks,  its  catchment  consists  of  a high  plateau,  then  a 
steep,  rocky  portion,  followed  by  a low  plateau  near  its  mouth. 

The  catchment  areas  of  the  St  Regis  river  and  its  principal 
branches  are  as  follows : 

Square  miles 


West  Branch  of  St  Regis 280 

East  Branch  of  St  Regis 347 

St  Regis  below  junction 627 

Deer  river 212 

St  Regis  at  mouth 910 


1 In  a paper,  the  Future  Water  Supply  of  the  Adirondack  Mountain  Region 
and  its  Relations  to  Enlarged  Canals  in  the  State  of  New  York,  the  writer 
has  estimated  the  water  power  on  Raquette  river  at  70,000  horsepower. 
It  is  evident  that  that  estimate  is  very  conservative. 
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Water  powers  have  been  developed  at  Parishville,  West  Stock- 
holm, Skinnerville,  Brashers  Falls,  Brasher  Center  and  Hogans- 
bnrg.  There  are  undeveloped  power  sites  at  Sjlvan  Falls,  High 
Falls,  Kerr  Falls,  Whittaker  Falls  and  Allens  Falls. 

Considerable  storage  can  be  secured  by  raising  the  dams  on  sev- 
eral of  the  larger  lakes  a^t  the  headwaters  of  the  east  and  west 
branches  of  the  river. 

The  chief  tributary  of  St  Regis  river  is  Deer  river,  which,  like 
the  St  Regis,  flows  generally  in  a northerly  direction.  Deer  river 
joins  the  St  Regis  river  about  seven  miles  from  the  St  Lawrence 
river. 

Salmon  river  north.  The  next  stream  is  Salmon  river  north, 
which  flows  northerly  into  the  St  Lawrence  a short  distance  over 
the  Canadian  line.  Its  chief  tributary,  the  Little  Salmon  river, 
enters  the  stream  at  Fort  Covington,  on  the  New  York  State 
line,  about  four  miles  from  the  St  Lawrence  river. 

The  following  are  the  catchment  areas  of  this  stream : 

Square  miles 


Little  Salmon  river,  above  junction  with  Salmon  river 103 

Salmon  river,  above  Malone  179 

Salmon  river,  above  Little  Salmon  river  273 

Salmon  river,  below  junction  with  Little  Salmon  river 452 

Salmon  river,  above  mouth 480 


Trout  river.  The  next  stream  flowing  to  the  north  is  Trout 
river,  the  catchment  area  of  which,  above  the  New  York  State  line, 
is  129  square  miles. 

Ghateaugay  river.  The  next  stream  is  Chateaugay  river,  with 
a catchment  area  above  the  New  York  State  line  of  199  square 
miles.  Very  little  is  known  about  the  water  power  of  this  stream 
any  further  than  that  Chateaugay  river  heads  in  Upper  Chateau- 
gay  lake  and  flows  through  Lower  Chateaugay  lake.  The  elevation 
of  Chateaugay  lake  is  unknown. 

Lake  Champlain  System  ' 

Lake  Champlain  has  a water  area  of  400  square  miles.  The 
area  of  its  catchment  in  New  York  State  amounts  to  2950  square 
miles;  in  Vermont  to  4270  square  miles;  and  in  the.  Province  of 
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Quebec  to  740  squai^  miles.  The  total  area  of  the  catchment,  not 
including  water  surface,  is  7960  square  miles,  or  the  total  area  of 
the  catchment  basin,  including  water  surface,  is  8360  square  miles. 
Lal^e  Champlain  is  considered  as  beginning  at  Whitehall  and  ter- 
minating at  St  Johns,  on  the  Richelieu.  Its  length  is  125  miles 
and  its  breadth  in  the  northern  portion  is  about  13  miles.  The 
standard  low-water  elevation  is  given  at  95.03  feet,  and  the 
standard  high  water  at  103.78  feet,  above  tide. 

The  streams  tributary  to  Lake  Champlain  are  Big  Chazy,  Little 
Chazy,  Saranac,  Salmon  river  east.  Little  Ausable,  Big  Ausable, 
and  Bouquet  rivers  and  the  outlet  of  Lake  George.  There  are  also 
a few  small  streams  of  no  special  importance. 

Big  Chazy  river.  This  stream  rises  in  the  western  part  of 
Clinton  county,  and  flows  in  an  easterly  direction  into  Lake 
Champlain,  at  King  bay,  five  miles  south  of  the  village  of  Rouse 
Point.  The  main  branch  issues  from  Chazy  lake,  of  which  the 
elevation  is  1500  feet  above  tidewater.  The  headwaters  of  the 
north  branch  probably  are  at  a somewhat  greater  elevation  than 
this.  The  catchment  area  is  300  square  miles. 

Little  Chazy  river.  This  river  enters  Lake  Champlain  two 
miles  south  of  the  Big  Chazy. 

Saranac  river.  The  streams  tributary'  to  Lake  Champlain  are, 
as  a rule,  not  of  great  length,  but  rising,  as  they  nearly  all  do,  in 
or  near  the  high  mountains  of  the  northern  plateau,  they  have 
a rapid  descent  with  an  abundant  fall.  Saranac  river  has  its 
head  chiefly  in  Upper  Saranac  lake,^  at  an  elevation  of  1577  feet 
above  tide  and  flows  northeasterly,  entering  Lake  Champlain  at 
the  village  of  Plattsburg.  The  length  of  the  river,  according  to 
Bien’s  atlas,  is  55  miles  from  its  mouth  to  Lower  Saranac* lake. 
The  elevation  of  Lake  Champlain  above  tidewater  is  101  feet, 
while  that  of  Lower  Saranac  lake  is  1539  feet;  hence,  the  fall  in 
55  miles  of  river  course  is  1438  feet.  Middle  Saranac  lake  lies 
at  an  elevation  of  1542  feet  and  Upper  Saranac,  as  already  given, 
at  1577  feet. 

1 There  are  a number  of  lakes  and  ponds  tributary  to  Upper  Saranac  lake 
which  are  not  here  specially  considered. 
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The  catchment  of  the  Saranac  river  has  an  area  of  628  square 
miles,  about  one-half  being  wooded.  The  lakes  on  its  headwaters 
have  a water  surface  of  21  square  miles,  and  afford  an  opportunity 
for  considerable  storage.  This  storage  could  be  largely  increased 
at  comparatively  small  cost  for  construction,  but  the  land  dam- 
ages on  the  Saranac  lakes  would  be  considerable  owing  to  the 
large  private  residences  and  summer  ho»tels  on  their  banks. 

The  quantity  of  merchantable  timber  likely  to  be  cut  on  the 
catchment  of  Saranac  river  is  small,  owing  to  the  large  area 
owned  by  the  State  or  by  private  parties  as  forest  preserves. 

There  are  a few  developed  powers  on  Saranac  river,  the  prin- 
cipal ones  being  at  Saranac  Lake  village,  Cadyville  and  Platts- 
burg.  There  is  an  undeveloped  power  at  Franklin  Falls  with  a 
possible  fall  of  60  feet. 

Salmon  river  east.  This  river  rises  in  the  western  part  of  Clin- 
ton county  and  flows  easterly  into  Lake  Champlain  near  the 
village  of  South  Plattsburg.  Its  catchment  area  is  480  square 
miles. 

Little  Ausahle  river.  This  stream  rises  in  the  south  part  of 
Olinton  county  and  flows  northeasterly  to  the  village  of  Lapham, 
then  southeast,  entering  Lake  Champlain  about  four  miles  south 
of  the  mouth  of  Salmon  river  east. 

Ausahle  river.  This  stream  has  its  source  in  the  central  part 
of  Essex  county  in  Upper  Ausahle  lake,  which  lies  in  a valley  in 
the  midst  of  the  highest  mountains  of  the  State,  at  an  elevation 
of  1993  feet  above  tidewater.  It  flows  in  a northeasterly  direction 
to  xVusable  Forks,  from  near  which  it  is  the  boundary  line  between 
Clinton  and  Essex  counties.  It  then  flows  a little  north  of  east, 
entering  Lake  Champlain  three  miles  above  the  village  of  Port 
Kent.  The  length  of  the  stream  from  its  mouth  to  Lower  Ausahle 
lake,  the  elevation  of  which  is  1961  feet  above  tide,  is  about  42 
inilesj  hence  we  have  a fall  of  1860  feet  in  a little  over  40  miles. 
For  several  miles  of  its  course  the  stream  flows  through  Ausahle 
Chasm.  The  catchment  has  an  area  of  519  square  miles  of  partly 
wooded,  mountainous  territory.  There  are  only  a few  small 
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doveloped  powers  on  tlie  Ausable.  The  merchantable  timber  has 
mostly  been  cut,  and  the  original  dams  used  by  the  lumbermen  for 
floating  logs  have  decayed.  There  is  a large  undeveloped  water 
power  at  Wilmington  notch,  where  there  is  a fall  of  100  feet. 
There  is  also  a fall  of  100  feet  at  High  Falls.  From  the  upper  end 
of  Wilmington  notch  to  two  miles  above  the  village  of  Wilmington 
there  is  a fall  of  600  feet  in  a distance  of  four  miles.  This  part 
of  the  stimm  is  as  yet  entirely  undeveloped.  These  water  ])owers 
are  on  the  west  branch  of  the  Ausable  which  heads  in  Lake  Placid. 

Bouquet  river.  The  Bouquet  river  rises  in  the  eastern  part  of 
Essex  county  and  flows  northerly  to  the  village  of  Willsboro  and 
thence  southeasterly  for  two  miles,  when  it  enters  Lake  Cham- 
plain. 

Outlet  of  Lake  George.  The  most  southerly  tributary  of  Lake 
Champlain  of  any  great  importance  for  water  purposes  is  the 
outlet  of  Lake  George,  which  in  about  2 miles  has  a fall  of  222 
feet.  The  greater  portion  of  this  is  concentrated  in  the  first  mile 
from  the  lake.  The  elevation  of  Lake  George  above  tidewater  is 
323  feet.  The  area  of  the  lake  surface  is  43  square  miles,  and  the 
tributary  catchment  area  about  the  foot  of  the.  lake  is  229  square 
miles. 

The  streams  in  eastern  New  York  can  not  be  depended  on  to 
furnish  a natural  flow  of  more  than  about  0.2  cubic  foot  per  sec- 
ond per  square  mile  as  a minimum  in  a dry  year.  On  account  of 
the  large  water  surface  of  Lake  George  in  proportion  to  the  catch- 
ment area,  it  is  possible,  by  utilizing  the  storage  on  the  lake  sur- 
face, to  realize  in  an  average  year  a much  larger  quantity.  From 
0.7  to  0.8  cubic  foot  per  second  per  square  mile  may  be  assumed  as 
a conservative  estimate,  the  results  being  based  on  allowing  the 
water  to  flow  out  of  the  lake  24  hours  per  day  for  only  310  days  in 
the  year.  On  this  basis  we  may  assume  a mean  flow  for  minimum 
dry  years  of  about  200  cubic  feet  per  second.  Since  the  entire 
222-foot  fall  of  the  Lake  George  outlet  is  now  utilized^  we  may 
place  the  permanent  power  in  a dry  year  at  about  5000  gross 
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horsepower.  The  village  of  Ticonderoga,  at  which  this  power  is 
utilized,  had  a population  in  1900  of  1911. 

Wood  creek,  the  most  southerly  tributary  of  Lake  Champlain,  is 
of  interest  in  a study  of  the  water  resources  of  New  York,  chiefly 
because  of  its  relations  to  the  Champlain  canal,  its  channel  being 
utilized  for  several  miles  as  pant  of  the  canal.  At  Fort  Ann 
there  is  considerable  power  developed  on  one  of  its  tributaries, 
used  at  pi^sent  for  grinding  pulp.^ 

Hudson  River  System 

Hudson  river.  The  Hudson  river  rises  in  the  high  mountains  of 
the  Adirondack  plateau,  in  the  western  part  of  Essex  county,  and 
flows  with  some  turnings  in  a generally  south  direction  to  a short 
distance  below  Lahiiers  Falls,  where  it  flows  from  15  to  20  miles 
mostly  in  a northeasterly  direction  to  Sandy  Hill.  It  then  turns 
ugain,  and  for  the  balance  of  its  course  is  nearly  due  south.  It 
enters  New  York  bay  at  New  Y"ork.  Its  headwaters  may  be  taken 
to  issue  from  Lakes  Henderson  and  Catlin,  which  are  at  eleva- 
tions above  tide  respectively  of  1889  feet  and  1570  feet.  Lake 
Colden,  at  an  elevation  of  2704  feet,  is  the  extreme  source  of  the 
Hudson  river,  but  as  this  lake  is  small  and  the  stream  issuing 
therefrom  is  also  small,  in  a discussion  of  water  power  the  larger 
lakes  at  lower  elevations  are  preferably  taken.  The  length  of  the 
stream,  measured  roughly  along  its  course,  is  something  like  285 
miles. 

Hudson  river,  with  its  principal  tributary,  the  Mohawk,  is  the 
most  impoidant  river  of  the  State.  From  its  mouth  to  Troy,  a 
distance  of  over  150  miles,  it  is  a great  inland  estuary  subject 
to  tidal  action,  and  because  of  its  great  length  and  the  large 
fresh-water  inflow,  it  is  unique  among  inland  estuaries.  From 
the  first  landing  of  the  Dutch  on  Manhattan  Island  to  the  present 
time  it  has  been  an  important  channel  of  commerce.  On  his 
voyage  of  discovery  in  1609  Hendrik  Hudson  ascended  to  the  head 
of  tidewater,  and  doubtless  discerned  the  possibilities  of  future 

Partially  abstracted  from  the  Report  of  the  Water  Storage  Commission 
on  the  Fourth  or  Northern  Division. 
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settlement  whicli  were  soon  realized  at  Albany,  Waterford  and 
Schenectady. 

When  the  great  Dutch  navigator  sailed  up  the  river,  no  doubt 
as  he  passed  on  from  day  to  day,  penetrating  farther  and  farther 
inland,  the  conviction  grew  upon  him  that  he  had  discovered  a 
passage  through  the  continent  leading  to  India,  nor  could  he  have 
overlooked  the  vast  possibilities  of  trade  and  commerce  opened 
up,  even  when  he  finally  reached  the  head  of  navigation  and  found 
that  the  East  Indian  passage  was  after  all  a myth.  Indeed,  one 
can  imagine  him  saying  to  his  companions,  ‘‘Whait  a great  place 
for  navigation  I ’’  We  can  imagine  a company  standing  upon  the 
deck  of  his  ship,  gazing  in  silent  wonder  over  the  panorama  at 
either  side,  and  saying  to  one  another,  here,  indeed,  is  the  seat  of 
future  empire.’^ 

The  tidal  action  of  the  Hudson  river  originally  terminated  at 
the  rapids  above  Troy,  but  its  present  termination  is  a few  miles 
below,  at  the  Troy  dam,  a structure  erected  about  1820  as  a part 
of  the  State  canal  system.  There  is  a lock  at  the  east  end  of  this 
dam  through  which  canal  boats  pass  into  the  pool  above,  thus 
enabling  them  to  reach  Lansingburg  on  the  east  side  of  the  river,, 
or  Waterford,  on  the  west  side,  where  they  may  enter  the  Cham- 
plain canal. 

In  ascending  the  river  the  principal  streams  on  the  east  side  are 
Harlem  river,  Croton  river,  Fishkill  creek,  Wappinger  creek, 
Eoeliff  Jansen  kill,  Claverack  creek,  Kinderhook  creek,  Hoosic 
river,  Battenkill,  Schroon  river  and  Boreas  river.  On  the  west 
side,  the  principal  streams  are  Murderers  creek,  Rondout  creek, 
Wallkill  river,  Esopus  creek,  Catskill  creek,  Normanskill, 
Mohawk  river.  Fish  creek,  Sacandaga  river,  Indian  river  and 
Cedar  river. 

The  principal  tributaries  of  the  Mohawk  from  the  north  are 
Chuctenunda  creek,  Cayadutta  creek,  Garoga  creek.  East  Canada 
creek  and  West  Canada  creek.  From  the  south,  Schoharie  creek, 
Sauquoit  creek  and  Oriskany  creek,  and  from  the  west  the  Lansing 
kill.  There  are  tributary  to  both  the  Hudson  and  Mohawk  rivers 
a considerable  number  of  smaller  streams,  some  of  which  have 


Plate  3. 


Map  of  catclmient  area  of  lliulsoii  river  above  Glens  Falls. 
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power  development  upon  them,  but  which  are  not  specifically 
mentioned  here. 

Below  Troy  the  tributaries  of  the  Hudson  river  are  mostly  small 
and  generally  not  of  very  great  importance,  although  some  of  them 
have  considerable  power  development.  One  of  them,  Oroton  river, 
is  the  principal  source  of  water  supply  of  the  City  of  New^  York. 
On  this  part  of  the  river,  the  catchment  basin  is  rather  narrow, 
and  many  of  the  streams  issuing  from  the  highlands  at  either  side 
have  such  small  catchment  areas  as  to  carry  only  moderate  quan- 
tities of  water. 

Tides  in  Hudson  river.  The  following  are  the  elevations  of  mean 
tide,  mean  low  tide  and  mean  high  tide  above  mean  sea  level  at 
New  York,  and  the  mean  rise  and  fall  of  tides  at  various  points 
along  the  tidal  estuary  between  New  York  bay  and  the  Troy  dam : 


Locality 

Mean 

tide 

Mean 
low  tide 

Mean 
high  tide 

Mean  rise 
and  fall 

Sandy  Hook 

.... 

.... 

4.70 

Governors  Island 

0.00 

2.20 

2.20 

4.40 

Dobbs  Ferrv 

....  0.18 

1.62 

1.98 

3.60 

Coxsackie  light-house.- 

....  1.68 

0.17 

3.53 

3.70 

New  Baltimore 

1.73 

0.02 

3.44 

3.42 

Ooeymans 

....  1.88 

0.44 

3.31 

2.87 

Oastleton 

2.09 

0.82 

3.35 

2.53 

Van  Wies 

2.13 

0.82 

3.29 

2.33 

Albany  

2.43 

1.27 

3.59 

2.32 

Nail  works 

....  2.78 

1.81 

3.75 

1.94 

Trov  darn 

....  3.77 

3.37 

4.17 

0.80 

The  following  gives  the  hight  above  tidewater  at  New  York  of 
a number  of  points  on  the  Hudson  river : 


Feet 

New  York  (at  mouth) 0.0 

Troy 3.8 

Saratoga  dam  ( crest) 102 . 0 

Fort  Edward  (below  dam) 118.0 

Glens  Falls  (crest  of  feeder  dam) 284.0 
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Feet 

Month  of  Saeaiidaga  river 55G.0 

Mouth  of  Stony  creek 584.0 

Mouth  of  Schroon  river G08.0 

At  Glen  bridge 728.0 

At  Eiverside  bridge 875.0 

At  North  Creek  bridge 998.0 

At  North  Ptiver 1,050.0 

Mouth  of  Boreas  river 1,140.0 

Mouth  of  Indian  river 1,415.0 

Mouth  of  Cedar  river 1,4G0.0 

Lake  Sanford ' 1,723.0 


^yate^  power  of  Hudson  river.  There  is  a large  amount  of 
power  on  the  Hudson  river  at  Troy,  Mechanicville,  Stillwater, 
Northumberland,  Fort  Miller,  Fort  Edward,  Bakers  Falls,  Sandy 
Hill,  Glens  Falls,  Feeder  Dam,  Spier  Falls,  Palmers  Falls  and 
Hadley ; on  Sacandaga  river  at  Conklinville,  and  on  Schroon  river 
at  Warrensburg.  A canvass  of  the  Hudson  river  powers  was 
made  in  1895  and  appears  in  detail  in  table  No.  12,  Showing- 
Water  Power  in  Use  on  the  Hudson  River  in  1895,  of  the  Report 
on  Upper  Hudson  Storage  Surveys,  December  31, 1895.  The  detail 
is  too  extensive  for  insertion  here,  but  ma}'  be  obtained  by  refer- 
ence to  the  said  report. 

According  to  this  table,  the  total  power  in  use  on  the  Hudson 
river  in  1895  was  43,481  net  horsepower.  This  power  i-emains 
substantially  the  same  in  1904  as  in  1895,  except  that  the  Hudson 
River  Power  & Transmission  Company  has  built  a new  plant  of  a 
stated  minimum  capacity  of  5000  horsepower  three  miles  below 
Mechanicville.  There  has  also  been  some  increase  in  the  power 
in  use  at  Bakers  Falls,  but  just  how  much,  the  writer  is  unable  to 
state.  The  new  plant  of  the  Hudson  River  Water  Power  Com- 
pany at  Spier  Falls  has  also  been  built.  The  total  power  in  use 
on  the  Hudson  river  in  1904  is  perhaps  75,000  to  80,000  net  horse- 
power. 

Harlem  river  and  Spuyten  Duyvil  creek.  This  river  and  creek 
are  an  arm  of  the  Hudson,  extending  from  Hudson  river  to  East 
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riYer.  For  two  miles  they  flow  iu  an  easterly  direction  and  Ihen 
southerly,  for  a total  distance  of  about  7 miles.  These  streams 
have,  been  canalized  by  the  Federal  government  and  are  rapidly 
becoming  an  important  artery  of  commerce.  They  form  the 
northern  and,  for  a portion  of  the  way,  the  eastern  boundary  of 
:Manhattan  island.  The  two  streams  join  at  Kings  Bridge,  New 
York. 

Before  improvement  the  Harlem  river  had  an  available  depth 
of  10  feet  from  the  East  river  to  Morris  dock,  except  at  High- 
bridge,  where  it  was  only  6 feet.  From  Morris  dock  to  Fordham 
landing  there  was  a crooked  channel  7 feet  deep,  and  above  the 
latter  place  the  river  could  be  used  only  by  the  smallest  class  of 
vessels. 

Spuyten  Duyvil  creek  from  Kings  Bridge  to  the  Hudson  had  a 
depth  of  4 feet. 

The  original  project  for  improvement,  adopted  in  1874,  provided 
for  the  removal  of  old  bridge  piers,  Oandlle  factory  reef,  and 
boulders  at  various  places  near  the  East  river  to  a depth  of  12 
feet,  the  cost  of  the  Avork  being  estimated  at  |167,875.56.  In 
furtherance  of  this  project  |21,000  was  expended. 

The  existing  project,  adopted  June  18,  1878,  and  modified 
October  7,  1886,  provides  for  a continuous  channel,  400  feet  widO 
and  15  feet  deep,  from  the  East  river  to  the  Hudson  river,  except 
just  north  of  Highbridge,  where  the  width  Avas  made  375  feet,  and 
the  rock  cut  through  Dyckman’s  meadow,  Avhere  the  Avidth  was 
reduced  to  350  feet  and  the  depth  increased  to  18  feet.  The  cost 
of  the  Avork  Avas  estimated  at  |2,700,000. 

The  amount  expended  in  carrying  on  Avork  under  the  existing 
project  to  the  close  of  the  fiscal  year  ending  June  30,  1903,  Avas 
11,244,851.90. 

The  maximum  draft  that  could  be  carried  June  30,  1903,  over 
the  shoalest  part  of  the  channel  Avas  12  feet. 

The  commerce  of  this  river  is  very  large.  In  1895,  the  tonnage 
amounted  to  over  7,500,000  tons.^ 


1 Report  of  the  Chief  of  Engineers  for  the  year  ending  June  30,  1903. 
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Groton  river.  The  Croton  rivei*  is  formed  by  the  uniting  of 
three  branches,  known  as  the  East,  the  Middle  and  the  West 
branch,  which  rise  in  the  southern  part  of  Dutchess  county,  flow- 
ing in  a southerly  direction  through  Putnam  county  and  uniting 
near  its  southern  boundary.  From  this  point  the  river  continues 
in  a southwesterly  course  across  Westchester  county  to  the 
Hudson  river,  into  which  it  enters  at  Croton  point  thirty  miles 
northerly  from  the  City  of  New  York.  The  principal  tributaries 
of  the  Croton  are  the  Titicus,  Cross,  Kisco  and  Muscoot  rivers. 

The  catchment  of  the  Croton,  extending  about  thirty-three  miles 
north  and  south  and  eleven  miles  east  and  west,  lies  almost 
entirely  in  New  York,  only  a small  portion  being  in  Connecticut. 
Its  area  is  339  square  miles  above  the  old  Crotou  dam  and  360 
square  miles  above  the  new  Croton  dam  now  being  constructed. 
The  catchment  is  hilly.  The  surface  soil  is  composed  principally 
of  sand  and  gravel — clay,  hardpan  and  peat  are  found  to  a limited 
extent  in  a few  localities.  The  rock  formation  consists  largely  of 
gneiss.  Limestone,  micaceous  and  talcose  slate,  granite,  ser- 
pentine and  iron  ore  occur  in  a few  places.^  This  stream  is  of  very 
great  importance  because  its  runoff  is  completely  utilized  for  the 
water  supply  of  the  City  of  New  York  and  it  is  accordingly  exten- 
sively discussed  in  this  leport. 

Fislikill  creek.  This  stream  rises  in  the  central  part  of  Dutchess 
county  and  flows  southwesterly  into  the  Hudson,  one  mile  south 
of  Fishkill  station.  Its  headwaters  drain  the  western  slope  of 
Chestnut  Ridge  mountains.  In  its  upper  reaches  the  stream 
receives  the  drainage  from  extensive  swamp  and  flatlands.  The 
lower  reaches  of  the  stream  flow  along  the  foot  of  the  Fishkill 
range.  From  Fishkill  village  to  Fishkill  landing  it  falls  over- 
slate  and  limestone  ledges,  making  a descent  of  200  feet  in  five 
miles.  This  fall  is  largely  utilized  to  provide  water  power  for 
manufactories  on  its  banks.  As  a result,  the  stream  becomes 
greatly  polluted  from  manufacturing  waste  and  other  impurities 
which  it  receives. 

1 Wegman’s  Water  Supply  of  the  City  of  New  York.  (1896). 
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Water  poiver  of  Fishkill  creek.  The  extent  of  the  manufactures 
of  Fishkill  creek  is  shown  in  the  following  tabulation,  which  gives 
the  principal  developed  water  powers  on  the  stream  in  1901 : 


Numbet*  of  dam 

Location 

Name  of  mill  and  of  owner  or 
operator 

1 Average  working 
j head,  in  feet  j 

Rated  horsepoAver  ! 
of  wheels  at  aA^er-  | 
age  head  j 

Horsepower  of  en- 
gines 

(1) 

(2) 

(3) 

(4) 

(5)) 

(6) 

1 

Fishkill 

Tironda  Hat  Works 

2 

Fishkill 

New  York  Rubber  Co 

17 

430 

250 

3 

Fishkill 

Rockwell  Silk  Mills 

1 

4 

Matteawan 

Matteawan  Mfg.  Co 

26 

1 168 

225 

5 

Matteawan 

William  Carroll  & Co 

29 

! 283 

140 

6 

Matteawan 

Carroll  Electric  Co 

20 

1 

525 

7 

Glenham 

Glenham  Carpet  Mill,  Hilton 

estate  

1 32-^ 

' 460 

1,500 

The  catchment  area  of  Fishkill  creek  above  Groveville  dam  is 
200  square  miles  and  the  total  catchment  area  above  the  mouth, 
204  square  miles. 

Wappinger  creek.  This  stream  rises  in  the  extreme  northern 
part  of  Dutchess  county  and  flows  in  a southerly  direction  into 
the  Hudson  river,  near  the  village  of  New  Hamburg.  The  catch- 
ment area  of  that  portion  of  the  stream  above  Hibernia  and  Clin- 
ton Hollow  dam  is  116  square  miles.  During  the  last  year  the 
New  York  Water  Supply  Commission  has  extensively  considered 
this  stream,  with  Fishkill  creek  and  others,  as  a partial  source 
of  a water  supply  for  the  City  of  New  York. 

Considerable  opposition,  however  has  developed  to  this  project. 
There  are  large  manufacturing  interests  at  Wappinger  Falls  and 
other  points  which  depend  wholly  upon  the  water  power  of  the 
stream,  and  a bill  has  accordingly  been  introduced  at  the  session 
of  the  Legislature,  for  1904  prohibiting  the  taking  of  any  stream 
for  a water  supply  for  any  municipality  in  the  State  where  any 
number  of  people  depend  upon  the  water  power  of  the  stream 
for  their  livelihood. 
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The  headwaters  of  Wappinger  creek  are  at  an  elevation  of  TOO 
to  1000  feet  above  tidewater. 

Murderers  creek.  This  creek  rises  in  the  central  part  of  Orange 
coiiutv  and  flows  easterly  into  the  Hudson  at  Cornwall.  Its  chief 
tributaries  are  Otter  creek  and  Cromiline  creek.  It  is  not  an 
important  stream. 

Rondont  creek.  This  stream  has  its  source  in  the  timber-covered 
mountain  group  forming  Wittemberg  chain.  It  flows  south- 
easterly to  NajKinoch,  where  it  encounters  the  foot  of  the  Shawaii- 
gunk  range,  turns  abruptly  to  the  northeast  and  enters  the  Hudson 
river  at  Kondout.  Its  catchment  on  the  south  is  very  restricted,, 
as  it  is  se])arated  from  the  AA'allkill  river  only  by  the  narrow 
Shawangunk  mountains.  Notable  waterfalls  occur  at  Honk  falls 
and  Napanoch  over  the  Hudson  river  shale,  and  on  Good  Beer  kill 
above  Ellenville.  On  Good  Beer  kill  there  is  a total  fall  of  870 
feet  from  the  Cape,  three  miles  above  Ellenville,  to  Ellenville. 
Of  this  about  200  feet  are  concentrated  in  a series  of  cascades 
called  Hanging  Rock  falls. 

AA^ater  power  was  orginally  developed  at  Napanoch  in  1754. 
At  present  there  are  flve  dams  utilizing  a total  fall  of  115  feet. 
A series  of  cascades  with  a descent  of  about  50  feet  occurs  at 
High  Falls,  where  the  water  flows  over  Rosendale  cement  rock. 

The  following  are  the  catchment  areas  of  Rondout  creek : 

Square  mile* 


Above  Honk  falls 

Above  High  Falls 

Above  Rosendale 

Above  AVallkill  river.. 
Below  AA^allkill  river.  . 
Above  Rondout  village 


88 

339 

3G5 

369 

1,148 

1,164 


Formerly  the  Delaware  and  Hudson  canal  utilized  slack  water 
from  the  mouth  of  Rondout  creek  to  Eddyville.  From  the  head 
of  the  pond  above  Eddyville  dam,  the  canal  runs  parallel  to 
Rondout  creek  as  far  as  Napanoch.  In  1898  the  canal  was 
abandoned  from  Honesdale,  Pa.,  to  Ellenville,  and  in  August. 
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1901,  the  remaining  canal,  witli  the  exception  of  that  from  Higli 
Falls  feeder  lo  Kondiont,  was  abandoned. 

.AboYe  Us  junction  with  SandlK^’rg  ci-eek,  at  Napanoch,  Koiidont 
creek  is  a pionntain  stream.  At  Honk  falls  a natural  declivity 
affords  a fall  of  125  feet  over  tilted  strata  of  Hudson  river  shale. 
There  is  a dam  at  the  head  of  this  fall  of  221/2  feet,  making  the 
total  head  ItTIA  feet. 

Walcr  j)Oirri‘  of  Ixondouf  o'Ccli.  The  following  is  a list  of  the 
princi])al  develo])ed  water  powers  on  Rondont  creek  in  1901: 


Number  of  dam 

Location 

Name  of  mill  and  of  owner  and 
operator 

Averag-e  working- 
head,  in  feet  I 

1 

Rated  horsepower 
of  wheels  at  aver- 
age head  | 

Horsepower  of  en- 
gines 

(1) 

(^) 

(iu 

(t) 

(•U 

(6) 

1 

Eddyville 

D.  & H.  Canal  Co 

None 

None 

2 

Lawrenceville  . . 

Lawrenceville  Cement  Co. . . . 

10 

H 

Below  High  Falls 

W.  I.  Vandermark,  J.  H.  Van- 

dermark  estate 

80 

125 

4 

High  Falls 

Hasbrook  & Hopper,  Ulster 

County  Savings  Banks 

12 

5 

High  Falls 

31 

6 

Port  Hickson.  . . . 

D.  & H.  Canal 

10 

7 

Napanoch  

E.  C.  Shook  & Son 

6 

60 

None 

8 

Napanoch  

M.  M.  Pillsburv 

7 

9 

Napanoch,  R.  H. 

Humphrey  & Young 

30 

481 

10 

Napanoch,  L.  H. 

J.  C.  ct  S.'^E.  D.  Hornheck.  . . 

30 

11 

Napanoch  

Pittsburg  Ax  Factory 

12 

Napanoch,  L.  H. 

Napanoch  Knife  Co 

15i 

12 

None 

i:3 

Napanoch,  L.  H. 

14 

Napanoch,  R.  H. 

Young  & Humphrey,  John 

Russell  estate 

15 

Napanoch,  L.  H. 

M.  M.  Pillsbury  Paper  Mill.  . . 

56 

593 

16 

Napanoch  

Honk  Falls  Power  Co 

147i 

1,500 

None 

17 

Lackawack 

C.  N.  Morse  

10 

140 

None 

18 

Grahamville  .... 

19 

Bull  River ' 

50-100 

WaUkill  river.  Wallkill  river  is  the  chief' tribntaiy  of  Ronddut 
creek.  It  has  its  source  on  Sparta  mountain,  New  Jersey,  about 
tweiUy-one  miles  from  the  point  where  it  enters  New  York  State. 
From  its  source  to  the  head  of  the  Drowned  Lands  it  is  essen- 
tially a highland  stream. 
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The  Drowned  Lauds  are  an  extensive  Pleistocene  lake  bottom 
situated  mainly  in  New  York.  They  comprise  an  area  of  28 
square  miles.  A dam  of  drift  at  the  north  end  of  this  tract  holds 
back  the  water  of  the  Wallkill,  causing  au  overflowing  of  this 
entire  flood  plain.  Formerly,  this  area  formed  a shallow  lake 
or  undrained  swamp.  An  artificial  canal,  cut  through  the  drift 
at  the  foot,  has  enabled  a large  part  of  the  downstream  portion 
to  be  reclaimed  for  agricultural  purposes. 

Below  the  foot  of  the  Drowned  Lands,  fifteen  miles  from  the 
New  Jersey  line,  the  Wallkill  flows  in  a broad',  shallow  valley, 
averaging  about  one  half  mile  in  width.  This  valley  has  been  eroded 
from  the  drift,  leaving  a stream-bed  of  cobble  and  small  boulders 
too  lieavy  for  sti'eam  transport.  The  river  terraces  are  not 
abrupt,  often  curving  gracefully  to  the  uplands  30  to  GO  feet  above 
the  stream,  and  leaving  a narrow  plain  submerged  only  during 
freshets.  At  frequent  intervals  the  stream  cuts  through  the  over- 
lying  drift  to  the  Hudson  river  slate,  and  passing  over  ledges  of 
this  slate  produces  waterfalls. 

At  Gardiner  the  Wallkill  receives  its  principal  tributary,  the 
Shawangunk  kill.  The  divide  between  the  two  streams  is  formed 
by  vertical  strata  of  a blue  shale  fold,  making  a.  definite  ridge 
between  the  catchment  areas. 

The  following  are  the  catchment  areas  on  Wallkill  river: 

Square  miles 


Wallkill  above  Franklin  Furnace,  N.  J 31 

Wallkill  at  New  York  and  New  Jersey  State  line 210 

Wallkill  above  foot  of  Drowned  Lands 393 

Wallkill  above  Freeman’s  proposed  dam  site 464 

Wallkill  at  mouth  of  Shawangunk  kill 563 

Shawangunk  kill  above  mouth 149 

Wallkill  below  Shawangunk  kill 712 

Wallkill  above  Rifton  Glen 761 

Wallkill  at  junction  with  Rondout  creek 779 

Wallkill  total  catchment  in  New  York 567 
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Wafer  power  of  Wallldll  river.  The  following  is  a list  of  the 
water  powers  developed  on  Wallkill  river  in  1901 : 


Number  of  dam  I 

Location 

1 

Name  of  mill  and  of  owner  or 
operator 

Average  wording 
head,  in  feet 

Rated  horsepower 
of  water  wheels  at 
average  head 

Horsepower  of  en- 
gines 

(1) 

(3) 

(3) 

(t) 

(5) 

(6) 

1 

Creek  Locks 

Empire  Powder  Mill,  Lafiin  & 

Rand  Powder  Co 

14 

288 

100 

2 

Rifton 

Rifton  Gristmill,  J.  W.  Dim- 

ick,  Jr 

16 

119 

3 

Rifton 

J.  W.  Dimick  Co 

679 

4 

Dashville 

5 

Galeville 

10 

6 

Wallkill 

J.  C.  Hedden 

7 

Waklon  ...  .... 

Waldon  Knife  Co 

8 

150 

75 

8 

Waldon 

N.  Y.  Knife  Works 

32 

300 

None 

9 

Montgomery 

Crabtree  & Patcliett 

9 

160 

75 

10 

Red  Mills 

Red  MilP 

10 

None 

lOn  Shawangunk  kill. 


There  are  a number  of  trihiitaries  of  Rondout  creek  and  Wall- 
kill  river,  but  none  of  them  are  at  present  important  as  power 
streams,  although  some  have  beeu  considered  as  water  supplies 
for  the  City  of  New  York. 

Esopus  creek.  The  source  of  Esopus  cneek  is  in  Winnissook 
lake  on  the  northwestern  slope  of  Slide  mountain.  From  Big 
Indian  to  Olive  Bridge  the  stream  flows  through  a valle^"'  with 
timber-covered  mountains  on  either  side.  A number  of  sites  for 
storage  reservoirs  are  offered  at  point's  where  the  valley  broadens 
out  to  receive  the  inflowing  water  of  tributaries.  Some  of  these 
are  at  Big  Indian,  where  Birch  creek  enters  ; at  the  mouth  of 
Bush  kill  at  Shandaken;  at  the  mouth  of  Stony  Clove  creek  at 
Phoenicia ; at  Cold  Brook  at  the  mouth  of  the  Little  Beaver  kill, 
and  at  Olive  Bridge. 

The  descent  of  the  stream  is  rapid,  although  not  precipitous 
above  Olive  Bridge.  At  this  point  the  stream  flows  over  a rocky 
ledge,  22  feet  in  hight,  forming  Bishops  falls.  Below  Bishops 
falls  the  stream  flows  through  a narrow  gorge  for  some  distance, 
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after  whidi  the  valley  broadens  Avitli  a deerease  of  slo])e.  The 
i>eiieral  eonrse  of  the  si  ream  is  mostly  sontheasterly,  until  ^Earble- 
town  is  reached.  At  this  ])oint  it  turns  and  flows  northeasterly 
to  near  Kin«*ston.  From  Kinj^ston  it  Hows  northerly,  entering 
the  Hudson  river  at  Saugerties.  A second  water  fall  occuts  at 
(Hen  Erie,  where  there  is  a cascade  with  a fall  of  5(1  feet.  The 
final  descent  to  tidewat(0'  at  Sangerties  is  madie  ovei*  a fall  of 
42  feet. 

The  following  are  the  catchment  ai-eas  on  this  creek: 

Square  miles 


Above  mouth  at  Saugerties 417 

Above  Glen  Erie  falls 409 

Above  gaging  station,  Kingston 212 

Abov(‘  l>isho])'s  falls,  01iv(‘  I>ridg(* 22>4 


IVV/ter  poiccr  of  Esopus  creek.  The  following  gives  the  prin- 
cipal water  jiowers  developed  on  Esopus  creek : 


Number  of  dam 

Loration 

Name  of  mill  and  of  owner  or 
operator 

Averag’e  working 
head,  in  feet 

Rated  lioi-sepower 
of  water  wheels  at 
average  head 

S 

o 

',-1  ^ 
3 « 
fS.S 
O be 

oT 

23 

o 

(1) 

(21 

(4) 

(4)' 

(-->) 

(b) 

1 

Saugerties 

, Diamond  Paper  Co. , Sheffield 

estate  

3.-) 

()07 

425 

o 

Saugerties 

Saugerties  Mfg.  Co.,  Slieffield 

estate  . . 

21 

90 

■ 3 

4 miles  above 

Legg’s  Mill 

Saugerties 

4 

Glen  Erie 

Ulster  White  Lead  Co 

.“)() 

None 

5 

Olive  Bridge  .... 

Boice  Gristmill 

22 

None 

6 

Olive  Bridge  .... 

DeWett’s  mill,  leased  to  Hud- 

son River  Pulp  Co 

22 

None 

•y 

Brown  Station  . . 

Hudson  River  Pulj)  Co 

8 

Boiceville 

J.  C.  Hornbeck 

t) 

90 

20 

<) 

Phoenicia 

Mrs.  De  Mott 

(i 

to 

Big  Indian 

R.  and  T.  C.  Wey 

18 

(50 

None 

11 

PineHilP 

Geo.  Rose  Turning  Mill 

to 

None 

1 On  Bircli  creek. 


Catskill  creek.  This  stream  rises  on  the  northern  slope  of  the 
(hitskill  monntains,  lying  for  the  most  jiart  iji  the  timbered  high- 
lands of  Greene  county.  It  Hows  in  a southeasterly  direction. 
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entering  llie  Hmlsoii  rivei*  at  the  villag(‘  of  Catskill.  For  the 
last  two  niil(‘S  of  its  eoni-se,  below  the  inoiiitii  of  Kaaterskill  creek, 
there  is  slack  water.  From  Ivaaterskill  (*rcek  to  Jjeeds,  a dis- 
tance of  three  miles,  it  tlows  throngh  a blnesitoiie  gorge,  the  fall 
for  this  distance  being  180  feet.  The  stream  flows  over  a rock 
bed  throngh  most  of  its  course  and  is  subject  to  Avide  variations 
in  lloAV.  TJie  slopes  of  the  catchment  area  are  ])’recipi)tons  and 
there  aw  no  lakes  or  other  artifi(dal  stiorage.  The  catchment  area 
at  the  month  is  391  square  miles. 

Water  poicer  of  Catskill  creek.  The  following  tabulation  shows 
the  jmincipal  deveIo})ed  water  powers  on  Catskill  creek: 


Number  of  dam 

Location 

Name  of  mill  and  of  owner  or 
operator 

Average  working 
head,  in  feet 

Rated  horsepower 
of  water  wheels 
at  average  head 

Horsepower  of  en- 
gines 

(1) 

(3) 

(3) 

(4) 

(3) 

(6) 

1 

1 Leeds  

1 Catskill  Woolen  Mill 

18 

200 

60 

2 

; Leeds  

Waterville  Woolen  Mill 

14 

200 

80 

8 

Lake’s  mills 

Lake’s  Mills 

4 

Woodstock.. 

Woodstock  Paper  Mill 

1 

Freehold 

Brown’s  Mill 

11 

15-20 

None 

2 

Greenville 

Reed’s  Mills 

22 

22 

8 

1 

East  Durham  . . . 

Not  reported 

16 

2 

East  Durham  . . . 

Atter  Bros 

80 

8 

East  Durham  . . . 

10 

Fislikill  creek,  Rondont  creek,  Wallkill  river,  Jilsopns  creek  and 
Catskill  creek  have  all  been  considered  as  water  sn]>})lies  for  the 
City  of  New  York.  Tlie  following  tabnlation  gives  the  catchment 
areas  alcove  the  reservoir  ]>i‘0])osed,  as  well  as  above  the  month. 


for  eacii  of  these  streams: 


Fishkill  creek, 
Rondont  creek 
Wallkill  river. 
E sop ns  creek . . 
Catskill  creek. 


Catchment  area 
miles 

Above  pro- 
posed 
reservoir 


in  stpiare 


Above 

mouth 


158  201 

181  1309 


101  779 
212  117 
110  391 


1 Above  jniictioii  with  Wallkill  river. 
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Xonnans  kill.  Tliis  stream  enters  tlie  Hmlsoii  river  at  Ken- 
wood, a suburb  of  Albany.  It  drains  a narrow  area  of  168  sqiiai'e 
miles,  lying  between  the  lower  Mohawk  catchment  andi  the 
northem  drainage  slope  of  the  Helderberg  mountains.  It  rises 
in  Schenectady  county,  about  fifteen  miles  a little  south  of  west  of 
the.  city  of  Schenectady.  The  headwaters  are  at  an  elevation  of 
700  to  800  feet  above  tide.  At  French  Mills  the  stream  is  200 
feet  above  tidewater.  The  catchment  area  at  French  ^lills  is 
ni  square  miles  and  at  the  mouth  of  the  stream  168  square 
miles. 

Roeliff  Jausoi  kill.  This  stream  Hows  into  the  Hudson  river 
from  the  east  about  six  miles  south  of  Hudson.  It  rises  in  the 
extreme  southwestern  part  of  Columbia  county  and  flows  first 
southwest  to  about  the  village  of  Silvernail,  thence  a little  north 
of  west  to  Elizaville,  thence  northwest  to  its  mouth  in  the  Hud- 
son river.  The  headwaters  of  this  stream  have  been  ])roposed  as 
a water  supj)ly  for  the  City  of  New  York  by  the  Water  i8uj)])ly 
Commission  of  10(J2>.  The  catchment  above  Silvernail  dam  is  141) 
square  miles. 

Claverack  creek.  This  stream  rises  in  the  western  part  of 
Columbia  county  and  joins  the  Kinderhook  creek  at  Stockport, 
a few  miles  north  of  Hudson.  From  the  village  of  West 
Taghkanick  it  flows  in  a generally  northerly  direction  to  its  Junc- 
tion with  Kinderhook  creek.  xVbove  West  Taghkanick,  the 
Taghkanick  creek,  a branch  of  the  Claverack,  flows  southeasterly. 
The  catchment  area  of  Claverack  creek  at  its  mouth  is  about  100 
square  miles. 

Kinderhook  creek.  This  stream  rises  in  the  Hancock  mountains 
in  western  Massachusetts.  It  flows  in  a southwesterly  direction 
across  Rensselaer  and  Columbia  counties,  emptying  into  the 
Hudson  river  at  Stockport.  The  following  are  the  catchment 
areas : 


Square  miles 


In  New  York.  . . . 
In  Massachusetts 
Above  mouth  . . . , 
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This  stream  is  of  interest  as  Iiaving  been  proposed  as  a water 
snppl}’  for  the  city  of  Albany. 

Hoosic  river.  An  important  tributary  of  the  Hudson  from  the 
east  is  Hoosic  river,  which  rises  in  the  mountains  of  Berkshire 
county,  Massachusetts.  It  first  runs  northwesterly,  passing  from 
Massachusetts  into  the  extreme  southwestern  comer  of  Vermont 
and  thence  into  Rensselaer  county,  in  New  York.  At  the  noilhern 
boundary  of  Rensselaer  county  it  turns  and  pursues  a westerly 
course  to  the  Hudson  opposite  the  village  of  Stillwater.  Its 
catchment  area  at  the  mouth  is  taken  at  730  square  miles.  Its 
principal  tributaries  are  Little  Hoosic  river,  Walloomsiac  river, 
and  Tomhannock  creek.  The  country  draJined  is  mainly  moun- 
tainous, the  summits  aittaining  an  elevaltion  of  from  1000  to  2000 
feet  above  tide.  The  principal  water  powers  developed  on  Hoosic 
rivei’,  in  New  York,  are  at  Schaghticoke  and  Hoosic  Falls,  with  a 
few  at  intermediate  points.  At  Schaghticoke  there  is  from  97 
to  98  feet  fall,  broken  into  falls  of  8,  7.5,  24.5,  34.5,  and  23  feet. 
The  available  statements  as  to  the  power  at  Hoosic  Falls  are  so 
conflicting  that  it  is  thought  best  to  omit  them. 

Hoosic  river  is  of  considerable  interest  to  persons  concerned  in 
waterpower  development  on  the  Hudson  below  its  mouth,  because 
there  are  two  reservoirs  on  its  headwaters  which  liave  been  con- 
structed by  manufacturers  in  ^lassachusetts  in  order  to  maintain 
a more  equable  summer  flow.  The  first  of  these  is  the  Clarksburg 
leservoir,  on  the  north  branch  of  Hoosic  river,  and  at  a distance 
of  about  2J  miles  above  North  Adams.  The  second  reservoir  is 
on  the  south  branch,  and  is  known  as  the  Cheshire  reservoir,  being 
situated  in  the  town  of  that  name.  The  Clarksburg  reservoir 
is  stated  to  flow  156  acres  and  to  have  a depth  of  22  feet.  The 
Cheshire  reservoir  flows  about  650  acres  and  can  be  drawn  down 
about  8 feet.  These  reservoirs  are  controlled  by  an  association 
of  mill  owners  on  the  Hoosic  and  its  branches  in  Massachusetts. 

Battenlcill  river.  Battenkill  river,  another  important  tributaiw 
of  the  Hudson  from  the  east,  rises  in  the  soulthwestern'  part  of 
Vermont,  in  Bennington  county.  It  first  flows  southwesterly  and 
then  westerh'  irregularly  across  Washington  county.  New  York, 


NKw  YORK  STATR  .\n’si-:r:\i 


to  tlK‘  Hudson  at  a ])oiiit  about  a mile  above  SoliuyleiTille.  The 
oatclimeiit  area  is  taken  at  4(>()  square  miles.  The  elevation  above 
tide  at  the  mouth  of  the  river  is  S-_?  feet,  and  at  the  Dcdaware 
Hudson  railway  cross inj.*’,  a little  sonth  of  li^hushan,  the  elevation 
is  437  feet.  This  .i>ives  a descent  of  355  feet  in  22  miles,  about 
one-half  of  which  is  concentrated  within  the  last  4 or  5 miles  of 
the  river's  course. 

The  following;'  is  a brief  statement  of  the  water  powers  on  the 
lower  section  of  the  Hatlenkill,  in  ascending  order  from  the 
mouth,  as  they  stood  in  181)7 : 

At  (dark  Mills,  the  American  Woodboard  Company,  24  feet 
head. 

.Vr  l»ig  Falls,  tin*  da.m  at  the  lumd  of  the  falls  gives  lOb  feet 
head,  diviih^l  into  ilennington  Falls  Fulj)  Company,  32  feet; 
(tndawa  Fulj)  and  l*aj!er  Company.  30  feet  ; not  utilized,  44  feet. 

At  Middle  Falls,  the  dam  at  the  head  of  the  falls  gives  55  feet 
head.  Here  thei*e  are  a leather-board  mill,  shank  mill,  sawmill, 
plaster  mill,  gristmill,  and  electric-light  station. 

At  (Ireenwich,  Dunbar,  McMaster  & Co.,  8 feet  head;  Palmer’s 
lower  dam,  1)  feet  head,  fuiaiishes  j)ower  for  gristmill,  paint  works, 
shirt  manufacturing,  scale  manufacturing,  and  ])low  works; 
Palmer's  upper  dam.  0 feet  head,  furnishes  j)ower  for  a cotton 
mill  and  a ])aper  mill. 

At  Outer  Falls,  Angel  & Langdon  Pai)cr  Mill,  25  feet  head. 

At  Hattenville,  Phoenix  Ihaper  (Jomj)any,  10  feet  head. 

At  Itexleigh  there  is  a cotton  mill  with  0 feet  head;  at  Shushan 
a gristmill,  shirt  factory,  electric-light  station  and  foundry^  oil 
receiving  ]>ower  from  about  14  feet  head. 

In  addition  to  the  foregoing  there  are  slated  to  be  undeveloped 
watei*  ])owers  on  the  Pattenkill  as  follows:  Hetween  Clark  ^lills 
and  P>ig  Falls,  27  feet;  l)etween  Oreemvich  and  Center  Falls,  8 
feet;  between  Center  Falls  and  Battenkill,  10  feet. 

It  is  stated  that  the  utilized  powers  on  the  Battenkill  are  devel- 
oped up  to  about  30  horse})Ower  per  foot  fall.  They  are,  however, 
sometimes  short  of  water  in  dry  weather.  With  a catchment 
area  of  400  square  miles,  a minimum  flow  of  0.3  of  a cubic  foot 
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])ev  second  ])ei*  S(|uare  mile  would  *>iYe  only  nliont  lo.o  gross 
horsepower  iier  foot  of  fall.  If  this  is  true,  the  Batteidvill  is  an 
exceedingly  good  waiter  yielder,  although  definite  data  derived 
from  stream  measurements  are  entirely  lacking.  It  is  und'erstood 
that  gagings  have  been  kept  for  the  last  two  or  three  years  by 
private  parties,  but  the  r'esnlts  have  not  yet  been  published. 

Fish  creel’.  This  stream,  which  Hows  into  the  Hudson  at 
Schiiylerville,  is  the  outlet  of  Saratoga  lake.  Its  chief  tributary 
is  the  Kayaderosseras  creek,  which  drains  the  central  part  of 
Saratoga  county.  The  catchment  area  of  Fish  creek  at  its  month 
is  estimated  at  258  square  miles.  Both  Fish  creek  and  Kayader- 
osseras creek  are  extensively  utilized  for  water  power. 

Facaudeuja  river.  This  stream  is  the  next  im])ortant  tributary 
of  the  Hudson  in  the  ascending  order.  It  has  three  principal 
branches,  which  unite  to  form  the  main  river  in  the  soiitlieastern 
part  of  Hamilton  county.  The  west  branch  is  the  outlet  of  Piseco 
lake;  the  middle  branch  is  the  outlet  of  SacaiMlaga  and  Pleasant 
lakes,  while  the  east  branch  issues  from  a series  of  small  ponds 
and  lakes  in  the  southwestern  part  of  Warren  county,  not  far  from 
Bakers  ]\lills.  The  east  and  middle  branches  unite  a few  miles 
to  Ihe  north  of  Wellstown,  and  the  west  branch  joins  a few  miles 
south  of  Wellstown.  Tlie  river  then  Hows  southeasterly  to  about 
5 miles  below  Northville,  where  it  turns  rather  more  than  a right 
angle  and  Hows  irregularly  northeast  to  the  main  Hudson  at 
Hadley.  The  principal  tributary  of  the  Sacandaga,  aside  from 
its  several  branches,  is  East  Stony  creek. 

The  following  are  the  several  subdivisions  of  the  catchment  area 
of  Sacandaga  river : 

Square  miles 


At  mouth 1,040 

South  branch 240 

]\Iiddle  branch 115 

East  branch 124 

Stony  creek 212 

]\rain  river  below  Stony  creek 223 
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The  following  are  elevations  above  tide  at  a number  of  principal 


points  on  Sacandaga  river: 

Feet 

At  mouth  of  river 550 

Above  dam  at  Conklinville 697 

Northville 732 

Hope  Center 763 

Wellstown  902 

East  branch  at  old  tannery 958 

East  branch  at  foot  of  High  falls 1,205 

East  branch  at  head  of  High  falls 1,337 

East  branch  at  Brighams  pond 1,700 

Piseco  lake 1,648 

Lake  Pleasant 1,706 

Sacandaga  lake 1,706 


From  Conklinville  to  the  mouth  of  the  river,  a distance  of  a 
little  over  5 miles,  the  river  falls  141  feet.  At  present  this  section 
of  the  river  is  entirely  unutilized  except  by  two  powers,  one  at 
Conklinville  and  the  other  about  2 miles  from  Hadley. 

Thus  far  there  are  no  detailed  measurements  of  the  Sacandaga, 
but  since  the  catchment  area  is  still  largely  in  primeval  forest  it 
is  without  doubt  an  excellent  water  yielder. 

ScJi7'oon  river.  This  stream  rises  in  Essex  county,  along  the 
southern  slopes  of  the  highest  mountains  of  the  Adirondack  group. 
As  shown  by  the  map,  it  Hows  in  a general  southerly  direction  for 
about  forty-five  miles  through  Essex  and  Warren  counties,  and 
joins  the  Hudson  just  above  Thurman.  On  the  boundary  between 
Essex  and  Warren  counties  the  river  Hows  through  Schroon  lake, 
a body  of  water  nearly  9 miles  long  and  from  a little  less  than  0.5 
to  1.5  miles  in  width. 

The  following  are  some  of  the  important  subdivisions  of  the 
catchment  area  of  Schroon  river: 

Square  miles 


At  mouth 550 

Warrensburg 535 

Tumblehead  falls 502 

Foot  of  Schroon  lake 
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Some  of  the  elevatious  ou  Schrooii  river  are  as  follows  : 


Feet 

At  mouth 010 

Schroou  lake 807 

Paradox  lake 820 

Schroon  Falls 840 

Elk  lake 1,986 


Water  power  of  Schroon  river.  There  is  no  developed  waiter 
power  on  Schroon  river  except  at  Warrensburg.  The  Schwon 
River  Pulp  & Paper  Oompanj  at  that  place  use  something  over 
1000  horsepower,  while  at  several  other  dams  there  is  450  to  500 
horsepower  in  use,  making  a total  in  use  at  Warrensburg  of  about 
1 500  horsepower.  The  detail  of  this  power  may  be  obtained  from 
the  writer’s  first  Report  on  the  Upper  Hudson  Storage  Surveys,  in 
a table  facing  p.  150.^ 

Boreas  river.  This  stream  rises  on  the  south  slope  of  the 
extreme  high  Adirondack  mountains,  at  an  elevation  of  over  2000 
feet  above  tidewater.  It  flows  through  Boreas  pond,  in  a south- 
erly direction,  entering  the  Hudson  river  five  miles  north  of  North 
River  village.  The  country  through  which  Boreas  river  flows  is 
mountainous  and  there  are  no  power  developments.  There  is, 
however,  a fine  opportunity  to  make  Storage  at  Cheney  pond, 
Boreas  pond,  etc.  and  undoubtedly  this  stream  will  be  ultimately 
utilized  for  water  storage  as  part  of  the  Hudson  river  system  of 
storage  reservoirs. 

Indian  river.  The  Indian  river  issues  from  a precipitous,  for- 
ested mountain  area  in  the  eastern  part  of  Hamilton  county.  It 
rises  in  Indian  lake  and  flows  in  a northeasterly  direction  into  the 
Hudson  river.  In  1898  the  writer  constructed  for  the  Indian 
River  Company  a masonry  storage  dam  at  the  foot  of  Indian  lake, 
replacing  the  lumberman’s  dam  which  was  formerly  at  this  loca- 
tion, and  raising  the  level  of  the  artificial  lake  twenty-three  feet, 
or  about  thirty-four  feet  above  the  original  water  level.  The 
length  of  the  reservoir  is  about  twelve  miles  and  it  stores 

^In  An.  Kept  of  State  Engineer  and  Surveyor  of  New  York  for  1895. 
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5,000,000,000  cubic  feet  of  water,  the  area  of  water  surface  being 
5035  acres  and  the  elevation  of  the  S]»illway  cix'st  1050  feet.  The 
Indian  Kive'r  Company  were  the  owners  of  the  original  rights  of 
llowage  of  Indian  lake  as  held  in  the  tiinber  dam  since  1845, 


f w 


Fig-.  19  Cross-section  of  main  dam  and  gate  lioiise  at  Indian  river. 


This  company  deeded  to  the  State  of  New  York  about  18,000 
acres  of  land  in  townshij)  32  and  24,000  acres  in  township  15, 
or  42,000  acres  in  all.  The  price  paid  for  this  land,  including  the 
])resent  structures  thei'eon,  as  well  as  the  sft’ruotures  contracted 
for  and  in  process  of  construction  by  the  company  (the  masonry 
dam),  together  with  any  damages  which  might  accrue  froni  the 
appropriation  of  land  and  structures,  was  |164,000,  or  a liifctle  less 
tiian  .|4  per  acre.  The  total  cost  of  the  dam.  including  engin- 
eering, was  al)out  .^100,000.  The  o])eration  of  this  dam  is  under 
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the  control  of  the  Superintendent  of  Public  AVorkvs.  The  object 
of  c()iistructin«»-  it  was  to  store  Hood  Avaler  to  be  turned  into  the 
Hudson  river  during  the  low-water  period  of  each  year,  thereby 
equalizing  the  tlow.  The  fact  that  the  Ohainplain  canal  takes 
Awater  from  the  Hudson  river  through  the  Glens  Palls  feeder  was 
the  reason  why  the  State  considered  it  necessary  to  control  this 
dam.  The  catchment  area  above  the  dam  is  14G  square  miles. 
Th(^  storage  cost  is  at  the  rate  of  |20  per  million  cubic  feet  stored.^ 

Cedar  river.  This  river  rises, in  Cedar  lake  iir  the  central  part 
of  Hamilton  county  at  an  elevation  of  about  2530  feet  above  tide, 
and  flows  northeasterly,  generally  parallel  to  Indian  lake  and 
river,  entering  the  Hudson  river  two  miles  north  of  Indian  river. 
There  is  no  water-power  development  upon  this  stream,  but  there 
is  a reservoir  of  considerable  capacity  at  Wakeley,  at  an  elevation 
of  about  2000  feet  above  tide. 

Mohawk  River 

Mohawk  river,  the  largest  tributary  of  the  Hudson,  rises  in  the 
western  central  ])art  of  the  8tate,  near  the  Lewis  and  Oneida 
county  line.  It  flows  in  a southerly  direction  to  the  city  of  Rome, 
from  Avhich  it  takes  an  easterly  course  across  the  State,  emptying 
into  the  Hudson  a little  above  Troy.  The  principal  tributaries 
ai*e  Schoharie,  liast  Canada,  West  Canada  and  Oriskany  creeks, 
while  less  important  tributaries  are  Chuctemunda,  Cayadutta, 
Garoga  and  Sauquoit  creeks  and  Lansing  kill.  There  ai'e  a num- 
ber of  small  streams,  several  of  which  are  utilized  as  water  sup- 
plies for  the  villages  of  the  Mohawk  valley. 

The  following  are  the  elevations  above  tidewater  of  a number  of 
points  along  the  iMohawk  river: 

Feet. 


At  mouth 12 

Lower  Mohawk  acpieduct 1G2 

Schenectady 214 

^louth  of  Schoharie  creek 270 

At  Rome,  above  feeder  dam 431 


iFor  complete  account  of  Indian  river  dam,  see  Engineering  News  for 
May  18.  1809. 
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There  ai^e  two  principal  falls  of  the  Mohawk  river,  the  Great 
falls  at  Cohoes  and  the  Little  falls  at  the  city  of  the  same  name, 
where  are  found  the  only  important  water  powers  develoi)ed  on 
this  stream.  At  the  Great  falls  at  Cohoes  there  is  a fall  of  105 
feet  over  Hudson  river  shale,  which  has  been  extensively  utilized 
by  the  Cohoes  Company  for  power.  Cohoes  is  a city  of  25,000 
inhabitants,  entirely  devoted  to  manufacturing. 

According  to  the  statement  of  David  Van  Auken,  Engineer  of  the 
Cohoes  Company,  there  are  about  10,000  horsepower  developed. 
At  Little  Falls  there  is  a total  fall  of  about  45  feet,  occurring  in 
about  one-half  mile,  of  which  40  feet  are  utilized  by  three  dams. 
The  population  of  Little  Falls  is  12,000,  extensively  devoted  to 
manufacturing.  There  is  stated  -to  be  about  3000  horsepower 
developed  at  this  place.  Aside  from  a small  amount  of  power 
developed  below  Cohoes,  just  above  the  sprouts  ’’  of  the  Mohawk, 
there  are  no  water-]>ower  developments  on  the  stream  other  than 
those  of  Cohoes  and  Little  Falls,  except  a few  unim])ortant  mills 
oil  the  extreme  headwat(‘rs.  The  waterworks  of  the  city  of  Home 
are  at  Hidge  Mills,  2 miles  north  of  Rome,  where  a water  pover 
]mmpiug  system  is  in  use. 

The  following  are  the  principal  subdivisions  of  the  catchimmt 
area  of  the  ^lohawk  river; 

Square  miles 


At  mouth 3,400 

Below  mouth  of  Schoharie  creek 3,100 

At  Little  Falls 1,275 

At  Utica 524 

At  Rome 184 


Chucteninicla  creek.  This  stream  rises  in  Saratoga  county  and 
flows  southerly  into  the  ^lohawk  idver  at  Amsterdam.  There  is 
a small  amount  of  power  on  this  stream,  at  Rocklou  and  Haga- 
man.  The  city  of  Amsterdam,  with  a population  of  21,000,  is  a 
manufacturing  city  on  the  ^lohawk  river  at  its  mouth,  but  most  of 
its  manufacturing  is  by  steam  ])ower.  It  offers  a good  0])por- 
tunity  for  the  sale  of  power  from  an  electrical  power  plant  on 
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Solioharie  creek.  Cliuctenuuda  creek  itself  has  too  small  a catch- 
ment area  to  be  of  much  value. 

Cayadutta  creek  is  another  small  stream  whicli  rises  in  the  een- 
tral  part  of  Fulton  count}',  and  flows  soutli  through  the  cities  of 
G lovers vi lie  and  Jolmistown  into  the  Mohawk  river  at  Fonda. 
There  is  considerable  water  poAver  developed  upon  it,  but  state- 
ments in  reference  to  the  ciuantitv  are  not  at  hand.  The  catch- 
ment area  above  its  mouth  is  62  square  miles.  The  catchment  at 
Johnstown  is  40  square  miles. 

SchohaHe  creek.  This  stream  rises  in  the  southern  part  of 
Greene  county,  whence  it  flows  18  miles  northAvesterly,  and  then 
northerly  about  50  miles  to  the  Mohawk.  Its  catchment 
comprises  the  greater  part  of  Schoharie  county  and  portions  of 
Greene,  Albany,  Delaware,  Otsego,  Montgomery  and  Schenectady 
counties.  Its  headAv^aters,  which  lie  at  an  elevation  of  about  1800 
feet  above  tidewater,  drain  the  western  and  northern  slopes  of 
the  Catskill  mountains.  The  lower  reaches  of  the  creek  floAv 
through  a long,  flat  A'alley  in  a channel  largely  covered  Avith 
flat  boulders.  At  Central  Bridge,  about  19  miles  from  the 
mouth  of  the  creek,  the  water  surface  is  560  feet  above 
tidewater;  at  the  mouth  the  elevation  is  274  feet.  NotAVithstand- 
ing  this  large  fall,  Schoharie  creek  is  not  considered  specially 
valuable  for  water-power  development.  It  is  subject  to  great 
extremes  of  flood  and  low-Avater  flow.  This  is  largely  explainable 
by  the  nearly  complete  cutting  off  of  the  forests  from  the  catch- 
ment area  many  years  ago.  The  imi)erAuous  character  of  the 
soil  may  also  be  taken  into  account.  The  principal  subdivisions  of 
the  catchment  area  of  Schoharie  creek  are  as  folloAN^s : 


Water  power  of  SchohaHe  creek.  With  one  exception  the  Avater 
powers  thus  far  developed  in  the  Schoharie  creek  catchment  are 
nearly  all  small  and  unimportant.  The  principal  tributaries  of 
the  stream  are  the  Cobles  kill  and  the  Batavia  kill,  but  neither  of 


Square  miles 


At  mouth 

Central  Bridge 
Gilboa  


947 

684 

308 
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these  streams  is  important  from  the  waterpower  point  of  view. 
The  headwaters  of  the  Ifatavia  kill  have  been  proposed  to  be  taken 
by  a tunnel  throngh  the  Catskill  mountains  as  part  of  the  water 
supply  of  New  York  city. 

In  ISOll  aiid  1900  the  EinpiTe  State  Tower  Company  developed 
an  extensive  water  ])ower  on  Schoharie  creek  at  Schoharie  falls  a 
feAv  miles  south  of  its  nionlh.  Their  dam,  however,  has  been  twice 
injured  by  Hoods  and  it  is  understood  that  at  present  (spring  of 
1904)  they  are  out  of  business.  There  ai'c  however  negotiations 
in  progress  looking  toward  a consolidation  with  the  Hudson  River 
I'ower  Company,  but  unlil  these  are  comj)leted  it  is  uncertain 
whether  the  dam  will  be  repaired  or  not. 

Oaroga  creek.  This  stream  rises  in  the  Garoga  lakes  and'i  Peck 
])ond.  Tt  flows  southerly  into  the  ^Mohawk  riw  two  miles  above 
Fort  Plain.  The  catchment  ai-ea  above  its  mouth  is  89  square 
miles. 

FV/.st  Canada  creek.  This  creek,  Avhich  is  one  of  the  important 
tributaries  of  the  ^lohawk  river,  rises  in  the  southwesteiTi  part  of 
Hamilton  county  and  Hows  southerly,  joining  the  Mohawk  at  East 
creek,  about  7 miles  from  Ijittle  Falls.  According  to  a map  fur- 
nished by  Ste])hen  VI.  Rabcock,  of  T^ittle  Falls,  the  total  catchment 
area  of  East  Canada  ci'eek  is  285.7  square  miles,  of  which  58.2 
square  miles  are  in  Hamilton  county,  98.4  square  miles  in  Herki- 
mer  county,  128  square  miles  in  Fulton  county,  and  1.1  square 
miles  in  Montgomeiw  county.  Following  are  the  elevatioms  of 


jirinci])al  ])oints  on  liast  Canada  creek: 

Feet 

Rottom  of  Reardslee  falls  near  mouth 0 

Top  of  Reardslee  falls 105 

Rottom  of  High  falls 327 

Top  of  High  falls 379 

Crest  of  dam  at  Dolgeville 445 

I\Iouth  of  Spruce  creek 477 

Mouth  of  Fish  creek 559 

Emmonsburg  64G 

Stratfohd  120 

Oregon 1,140 


?late 


Vower  dam  at  the  High  Falls  of  the  East  Canada  creek.  Constructed  by  the  Dolgeville  Electric  Light  and 

Power  Company  in  1897. 
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^riie  (lisiaiico  fi’om  tlio  iiioutli  of  llic  stix'ain  to  Groton  is  a])oiit 
25  miles. 

I'lie  ])i‘iiicipal  tributary  of  East  Canada  creek  is  Fish  creek, 
which  is  the  outlet  of  the  Canada  lakes.  The  distance  from  its 
point  of  junction  Avith  East  Canada  creek  to  the  mouth  of  the 
Canada  lakes  outlet  is  about  9 miles,  and  the  total  rise  in  this 
distance  635  feet.  The  outlet  of  the  lakes,  Avhich  is  nearly  level, 
is  about  3.5  jiiiles  long.  There  are  no  falls  of  any  magnitude  on 
this  creek.  For  the  first  5 miles  from  its  mouth  Fish  creek  rises 
245  feet,  and  from  that  point  to  the  mouth  of  the  outlet  of  the 
Canada  lakes,  a distance  of  4 miles,  the  rise  is  390  feet. 

The  second  tributary  of  East  Canada  creek  is  Spruce  creek^ 
Avhich  has  a total  length  from  its  mouth  to  its  head  in  the  Eaton 
millpond  of  about  8.7  miles,  the  total  rise  in  this  distance  being 
about  550  feet.  Just  beloAV  the  Eaton  millpond  there  is  a fall  of 
180  feet  in  2000  feet.  At  Salisbury  Center,  Spruce  ci-eek  falls  85 
feet  in  about  900  feet. 

Water  power  of  East  Canada  creek.  In  1904  there  aie  twelve 
dams  on  Spruce  creek.  The  Avater  supply  of  Dolgeville  is  taken 
from  Cold  brook,  a tributary  of  East  Canada  creek.  Aside  from 
the  deAeloj)inent  at  Dolgeville,  and  small  developments  at 
Beardslee  falls  and  at  one  or  two  other  points,  very  little  use  has 
thus  far  been  made  of  the  Avater  jiOAver  of  East  Canada  creek.  It 
is  probable,  hoAvever,  that  Avithin  a feAv  years  the  Avater  ]K)Aver  of 
this  stream  Avill  be  nearly  all  utilized. 

According  to  a manuscript  report  on  the  AAmter  power  of  East 
Canada  creek,  bA^  S.  E.  Babcock,  the  fall  in  this  stream  for  the 
first  1500  feet  from  its  junction  Avith  Mohawk  river  is  yevj  slight. 
At  this  point  the  first  rapids  are  encountered,  Avhere  it  has  been 
proposed  to  develop  a Avater  poAver,  with  a head  of  about  60  to  70 
feet.  About  1000  to  1200  feet  farther  upstream  there  is  an  addi- 
tional fall  of  from  30  to  40  feet.  This  takes  one  to  the  top  of  the 
so-called  Beardslee  falls,  referred  to  in  the.  foregoing. 

It  has  also  been  proposed  to  construct  an  extensiA’e  system  of 
poAAau’  deA^lopment  by  a series  of  dams  on  East  Canada  creek, 
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some  of  the  details  of  which  may  be  gathered  from  the  following 
tabulation : 


Plan  of  power  development  on  East  Canada  creek 


Cost  per 

Location 

In  feet 

Horse- 

power 

Estimated 

cost 

horse- 

power 

Twin  Bridges 

43 

1,172 

$108,427 

$92.51 

Gi*een  street 

26 

1,023 

73,667 

72.01 

Factory  

29 

1,141 

30,910 

27.10 

Intermediate  

22 

865 

46,090 

53.28 

High  falls 

72 

2,700 

56,320 

20.86 

Xo.  1 (below  High  falls) . 

74 

2,956 

125,092 

42.40 

No.  2 (below  High  falls).. 

34 

1,360 

56,408 

41.40 

Xo.  1 (Ingham’s  mill) .... 

44 

1,778 

135,410 

76.16 

Xo.  2 (Ingham’s  mill) .... 

44 

1,778 

129,800 

73.00 

Beardslee  falls 

105 

5,112 

128,326 

25.10 

Totals  and  mean .... 

423 

19,885 

1890,450 

$44'.  80 

This  plan  of  power  development  further  includes  the  construc- 
tion of  a storage  of  1,250,000,000  cubic  feet,  which  is  estinrated  to 
cost  1148,000,  making  a total  for  the  whole  development  of 
11,038,450.  With  these  figures  the  final  cost  per  net  horsepower 
becomes  |52.22.  The  estimates  leading  to  this  I'esult  include  cost 
of  land  to  be  flooded,  masonry  of  dams  and  head  works,  turbine 
water  wheels,  flumes  and  head  feeders,  tail  raceways,  waste  gates, 
power  stations^  racks,  engineering  and  superintendence,  etc.  So 
far  as  the  actual  power  developments  are  concerned,  the  work  can 
probably  be  constructed  for  the  estimates,  but  the  cost  of  the 
storage  is,  in  tlie  writer’s  opinion,  somewhat  too  low.  The  total 
number  of  dams  which  it  is  proposed  to  build  is  stated  at  40,  thus 
giving  an  average  of  only  |3700  per  dam.  This  sum  would  only 
build  timber  dams  of  the  most  temporary  character.  The  proper 
operation  and  repairs  of  this  number  of  dams,  scattered  over  an 
area  of  200  square  miles,  would  entail  in  the  end  an  annual 
expense  of  |30,000,  which  is  the  annual  interest  at  5 per  cent  on 

1600.000.  To  obtain  the  real  capitalized  cost  we  need  then  to  add 

1600.000,  which  gives  an  amended  total  of  $1,638,450,  whence  the 
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cost  per  net  horsepower  for  the  entire  sysitem  would  become 
182.40. 

In  1897  an  electric-power  station  wais  in  process  of  installation 
by  the.  Dolgeville  Electric  Light  & l^ower  Company  at  the  high 
falls  just  below  Dolgeville,  capable  of  developing  1200  net  horse- 
power. The  wheels  set  are  two  tvdn  horizontal  3G-inch  Victor 
special  wheels,  to  work  under  a 72-foot  head,  and  which  are 
claimed  by  the  manufacturers  to  yield,  at  full  capacity,  GOO  net 
horsepower  each.  A portion  of  the  power  generated  at  this  sta- 
tion is  used  at  Dolgeville  for  manufacturing,  and?  the  balance  is 
transmitted  to  Little  Falls,  8 miles  distant. 

Dolgeville  is  the  seat  of  the  piano-felt  and  other  industries 
originally  established  by  Alfred  Dolge  & Son.  The  power  for  the 
establishments  now  in  operation  is  derived  from  two  35-inch 
Victor  turbines,  working  under  a 25-foot  head,  and  rated  by  the 
manufacturers  to  furnish,  when  running  at  full  capacity,  229  net 
horsepower  each,  or  a total  of  458  horsepower.  According  to  the 
manufacturer's  catalogue,  these  Avheels  will  consume  197  cubic 
feet  per  second  when  working  at  full  capacity,  and  the  statement 
was  made  in  1897  that  they  Avere  ordinarily  so  Avorked.  The  Catch- 
ment area  of  East  Canada  creek  above  Dolgeville  is  about  250 
square  miles;  hence  the  present  deveiopment  is  based  upon  a 
minimum  floAV  of  0.79  cubic  feet  per  second  per  square  mile.  As 
there  is  A^ery  little  pondage  at  Dolgeville,  it  may  be  assumed  that 
the  power  is  sometimes  short  in  a dry  season,  although  the  effect 
of  the  pondage  of  the  large  numbei’  of  lakes  andi  ponds  on  the 
head  Avaters  of  East  Canada  creek  will  undoubtedly  be  to  increase 
considerably  the  minimum  flow. 

There  is  a power  deAulopment  at  Beardslee  falls,  near  the 
mouth  of  East  Canada  creek,  which  is  stated  to  be  capable  of 
developing  1000  horsepoAver,  but  owing  to  deficiencies  in  the 
design  it  is  uncertain  Avbether  or  not  this  amount  of  pOAAer  can  be 
produced  continuously. 
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Tlie  following  tabulation  gives  the  principal  water  powers  devel- 
oped on  East  Canada  creek,  substantially  as  the}"  exist  in  1904: 


Number 

Effective 

of  dam 

Ijocation 

head, 
in  feet 

1 

Beardshn'^  falls 

120 

• ) 

Inghanrs  mills 

10 

• > 

High  falls 

72 

4 

Dolgeville 

20 

5 

Stratford 

West  Canada  creek.  This  ci'eek,  another  important  tributary  of 
the  Mohawk,  rises  near  the  center  of  Hamilton  county  and  flows 
southwesterly  about  forty  miles,  by  general  course,  to  the  eastern 
edge  of  the  town  of  Trenton  in  Oneida  county,  where  it  turns 
and  first  runs  southeasterly  and  then  southerly  for  a total  dis- 
tance of  twenty  miles,  finally  eni])tying  into  the  Mohawk  at  Her- 
kimer. The  following  tabulation  gives  the  catchment  areas  on 
this  stream  : 

Square  miles 


At  mouth 5G9 

Middleville 519 

Trenton  Falls  375 

One-half  mile  below  Hinckley 372 

Prospect  370  (?) 

Twin  Kock  bridge 352 

Below  mouth  of  Black  creek 349  ( ?) 


This  creek  has  its  source  in  the  Canada  lakes,  which  are  about 
forty  miles  northeast  from  IT'osjiect.  These  lakes  are  known 
separately  as  the  M>st,  Middle  and  East  Oanadia.  The  princii>al 
lake  of  this  series  has  an  elevation  of  2348  feet  above  tidewater. 
The  catchment  area  at  the  village  of  P'ros])ect,  where  there  is  a 
natural  fall  of  about  GO  feet,  is  a])proximately  370  square  miles. 
At  Trenton  Falls,  three  miles  below,  the  stream  descends  about 
200  feet  in  half  a mile.  Ascending  the  stream  the  ])rinci])al  falls 
in  order  are:  Sherman  falls,  24  feet;  High  falls,  105  feet;  ^lill 
dam  falls,  14  feet;  Siiydam  falls,  12  feet. 

In  a i‘eport  made  by  Wallace  C.  Johnson,  under  date  of  March 
17,  189G,  to  the  Trenton  Falls  Power  Company,  it  appears  that 
of  the  370  square  miles  of  catchment  area  above  I^rospect,  about 
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175  siiunre  miles  lie  at  an  elevation  of  between  2000  and  3000 
feet  above  tidewalev,  the  average  elevation  of  tliis  portion  being 
about  2500  feet.  Of  the  remaining  200  scpiare  miles  above  Pros- 
peet  the  average  elevation  is  placed  at  not  less  than  IGOO  feet. 
The  Trenton  Falls  Power  Company  has  been  reported  as  intend- 
ing to  develop  an  extensive  storage  on  the  headwaters  of  this 
stream,  thus  enabling  it  to  produce  several  thousand  electrical 
horse] )ower  at  Trenton  Falls  for  transmission  to  Utica,  Home, 
and  other  towns  in  the  vicinity.  General  plans  were  prepared  by 
^Ir  Johnson,  but  the  details  of  the  project  are  not  at  hand. 
Judging  from  the  data  at  hand,  the  Avriter  is  disposed  to  place  the 
minimum  lioAV  of  West  Canada  creek  at  from  0.25  to  0.30  of  a 
cubic  foot  per  second  per  square  mile. 

Water  power  of  West  Canada  creek.  HoAvever,  these  develop- 
ments Avere  not  made  by  the  Trenton  Falls  PoAver  Company,  and 
the  ]u*operty  at  Trenton  Falls  has  jiassed  into  the  hands  of  the 
Utica  Gas  & Electric  Company,  Avho  have  deAxdoped  an  electric 
])OAver  x>^ant  Avhich  ])resents  a number  of  points  of  interest.  It 
is  estimated  that  4000  horsei>OAver  can  be  furnished  from  this 
station,  t^hater  x)OAAers  are  also  in  use  oii  West  Canada  creek  at 
Herkimer,  Middleville,  NeAAqiort,  Prospect  and  Hinckley,  as  Avell 
as  at  a feAV  points  higher  up. 

Parties  interested  in  the  development  of  an  extensive  })OAver 
]>roject  at  Trenton  Falls  \n\yo  claimed  that  a v(‘rv  large  storage 
reservoir  could  be  constructed  in  the  main  valley  of  West  Canadti 
creek  a short  distance  above  IT-ospect,  and  at  very  Ioav  cost  i)er 
unit  volume  stored.  The  data  are  not  at  hand  for  accurately 
determining  the  cost  of  a reservoir  at  this  place.  HoAvever, 
casual  insjiection  of  the  Itemsen  sheet  of  the  tbpographic  max) 

Ihe  State,  made  in  ISOT,  shoAvs  that  snch  a reservoir  Avonld  ])rob- 
ably  be  expensiAe  in  x>i‘oportion  to  the  storage  gained.  A trial 
estimate  sihoAvs  that  Avith  a dam  from  80  to  100  feet  in  hight  a 
storage  of  about  2,000,000,000  cubic  feet  may  be  obtained.  The 
cost  of  the  dam  necessaiw  to  store  this  (xuantity  of  Avater  can 
hardly  be  placed  as  an  experimental  figimA  at  less  than  |1,000,000, 
Avhence  the  cost  x>er  1,000,000  cubic  feet  stored  Avould  become  |500. 
This  approximate  estimate  has  no  other  significance  than  to  indi- 
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cate  the  importance  of  studying  large  reservoir  projects  in  detail 
before  deciding  as  to  their  feasibility. 

In  connection  with  the  barge  canal  surveys  of  1900,  a reservoir 
was  surveyed  on  this  stream  near  Hinckley,  with  a capacity  of 

2.742.100.000  cubic  feet.  This  reservoir  was  estimated  to  cost 
$1,855,000,  or  |676.40  per  million  cubic  feet  of  water  stored.^  It 
is  evident,  therefore,  that  the  preceding  estimate  was  under, 
rather  than  above,  the  cost.  The  hight  of  the  dam  to  store 

2.742.400.000  cubic  feet  is  90  feet  above  the  rock  foundation. 
Sauquoit  creek.  This  stream  rises  in  Oneida  county  and  flows 

in  a northerly  direction,  emptying  into  the  Mohawk  river  at 
Whitestown.  Its  headwaters  lie  at  an  elevation  of  about  1200 
feet  above  tidewater. 

Water  power  of  Sauquait  creek.  There  is  a large  amount  of 
power  development  on  this  stream,  as  shown  by  the  following 
tabulation : 


Number  of  dam 

Location 

Name  of  mill  or  of  owner  or 
operator 

Avex'age  working 
head,  in  feet 

Number  of  em- 
ployees 

Horsepower  of 
water  wheels 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

1 

New  York  Mills. . 

The  New  York  Mills  No.  4. . . . 

28 

266 

1 

New  York  Mills.. 

The  New  York  Mills  No.  2. . . . 

29 

500 

2 1 

New  York  Mills. . 

The  New  York  Mills  No.  3. . . . 

18 

300 

3 

Capron 

Utica  Cotton  Company 

21 

250 

100 

14 

New  Hartford. . . . 

Divine  Brothers 

6 

50 

25 

14 

New  Hartford. . . . 

New  Hartford  Knitting  Mill. . 

9 

None 

14 

New  Hartford. . . . 

New  H art  ford  Mi  1 1 s 

12 

3 

14 

New  Hartford. . . . 

New  Hartford  Cotton  Mfg.  Co. 

20 

140 

120 

5 

Washington  Mills 

Utica  Tool  Companv 

13 

90 

150 

6 

"Washington  Mills 

Washington  Mills 

11 

None 

100 

7 

WTllowvale 

UticaWillowvale  Bleaching  Co. 

9.5 

270 

None 

8 

Willowvale  ...... 

J.  C.  Dewhurst 

10 

None 

8 

Willowvale 

J.  H.  Rehm 

10 

2 

.80 

9 

Chadwicks 

Chadwicks  Mills  Cotton  Co. . . 

22 

125 

10 

Saiiqiioit 

Lewis  Knitting  Co 

20 

100 

65 

11 

San  quoit  

Sauquoit  Valley  Mills 

15 

4 

101 

12 

Sa,n  quoit 

Polk’s  Knife  Factory 

20 

2 

87 

13 

Sauquoit 

Adolph  Seigel,  Lower  Mill. . . . 

20 

None 

None 

14 

Sauquoit 

Adolph  Seigel,  Upper  Mill 

22 

15 

None 

15 

Clayvillft  

Alfred  King 

15 

50 

16 

Clay  ville 

Empire  Woolen  Company 

25 

55 

80 

'17 

Clayville 

Empire  Woolen  Company 

15 

None 

None 

18 

Clayville 

First  National  Bank,  Utica. . . 

15 

None 

None 

19 

Clayville 

Babbitt’s  Wire  Works 

30 

114 

‘ Water  used  in  four  levels;  total  fall  in  power  canal  48  feet. 


11 VDUOLOGV  01’  MOW  YORK 


281 


The  catchment  area  of  Saiiqiioit  creek  above  its  moutli  is  G7 
square  miles. 

OHskany  creek.  This  stream  rises  in  the  northern  part  of  Mad- 
ison county,  flowing  northerly  across  Oneida  county  into  the 
Mohawk  river  at  Oriskany.  The  catchment  area  above  its  mouth 
is  146  square  miles.  There  is  considerable  water  power  developed 
on  Ofiskany  creek. 

Comparison  of  the  flow  over  two  dams  on  Oriskany  creek.  This 
creek  is  of  slight  interest  because,  in  connection  with  the  work 
done  for  the  Board  of  Engineers  on  Deep  Waterways,  two  gaging 
stations  were  established  at  widely  varying  types  of  dams  and  it 
was  found  that  even  in  winter  fairly  comparable  ’results  could  be 
obtained  by  gagings  over  such  dams.  The  first  station  was  estab- 
lished at  the  State  dam  at  Oriskany,  where  water  is  diverted  for 
the  use  of  the  Erie  canal.  The  catchment  area  at  this  point  is  144 
square  miles.  During  the  navigation  months,  a record  was  kept 
of  the  gate  openings,  together  with  daily  observations  of  the  difl'er- 
•ence  in  water  surface  above  and  below  gates.  Outside  of  the 
navigation  months,  the  feeder  gates  were  entirely  closed  and  the 
record  is  for  flow  over  the  dam  only.  The  second  station  was 
established  at  Coleman,  a couple  of  miles  above  the  first,  where 
the  catchment  area  is  141  square  miles. 

The  object  of  establishing  two  stations  on  Oriskany  creek  was 
to  determine  whether  on  dams  of  somewhat  different  forms,  but 
with  nearly  the  same  catchment  area,  the  flows  could  be  gaged 
close  enough  to  give  comparable  figures.  Space  will  not  be  taken 
to  give  the  method  of  computation  used  in  detail,  but  those  inter- 
ested can  refer  to  the  report  to  the  Board  of  Engineers  on  Deep 
Waterways  for  an  extended  account  of  the  method  used.  For 
present  purposes  it  is  sufficient  to  refer  to  the  accompanying  tabu- 
lation, in  which  are  given  the  flows  at  the  two  stations  for  the 
months  from  October,  1898,  to  February,  1899,  inclusive.  During 
the  winter  months,  December  to  February,  the  ice  was  kept  clear 
from  the  crest  of  both  dams.  The  results  show  good  agreement 
and  indicate  that  even  when  one  of  the  cases  is  complicated  by 
discharge  through  a number  of  water  wheels,  as  at  the  second 
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station,  comparable  results  may  still  be  obtained.  The  following 
are  the  tlows  at  the  two  stations  in  cubic  feet  per  second.  Tlie 
a.])i)aient  discrepancy  at  the  upper  station  in  October  is  explained 
by  the  fact  that  the  figures  for  that  month  ai-e  the  means  of  011I3’ 
the  last  sixteen  days. 


Aloiitli 

Station 
No.  1. 
Oriskany 

station 
No.  2, 
Coleman 

October,  1898 

325 

24(j 

November,  1898 

327 

30() 

December,  1898 

327 

335 

Januarv,  1899 

295 

297 

Febrnarv,  1899 

291 

283 

Lanshuf  lUl.  Tliis  stream  rises  in  the  extreme  northern  part  of 
Oneida,  county,  near  jb)oneville,  and'  hows  southerly  to  the  village 
of  Leila,  where  it  enters  the  Mohawk  river.  The  Lansing  kill  has 
rapid  descent,  but  thus  far  there  is  not  much  power  developed 
uj)on  it. 

Allegheny  River  System 

Alh'f/Itvni/  riccr.  The  Allegheny  laver  enters  the  State  of  New 
York  from  rennsylvania  in  the  southeastern  corner  of  Oattarau- 
gus  county.  It  rises  in  McKean  and  Potter  counties,  Pennsyl- 
vania, and  tlows  thence  northwesterly  to  Salamanca,  about  thirty 
uiiles  ill  the  State  of  Ncav  York;  thence  southwesterly  for  twenty 
miles,  crossing  into  l^ennsylvania  again  near  the  western  boundary 
of  rattaraiigiis  comity.  The  catchment  area  of  Allegheny  river 
and  its  tributaries  within  New  York,  at  the  point  of  leaving  the 
State,  including  Conewango  creek,  which  joins  the  Allegheny  river 
in  the  State  of  1 Ynnsylvania,  is  about  21(10  square  miles.  Its 
]>rinci]>al  tributary  from  the  north  is  Oonewmngo  creek,  which 
receives  the  outlet  of  Chautauqua  lake  and  Cassadaga  creek  as 
tributaries.  Little  Valley,  Great  Valley  and  Oleaii  creeks  are 
also  tributaries  in  New  York,  but  none  of  these  streams  is  of 
special  importance  for  Avater  power. 

Chautauqua  lake  outlet.  Chautauqua  lake  outlet  receives  drain- 
age from  Chautauqua  lake,  Avhich  is  twenty  miles  in  length  and 
from  one  to  two  miles  in  Avidth.  The  northern  extremity  of  this 
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hik(‘  is  only  inilos  distaiit  from  laiko  lls  (dovalioii 

abovo  lidowafor  is  1,21)7  fret,  wliile  that  of  Lak(‘  Fii-io  is  572  feet. 
Tliis  sti'eam  Hows  into  tin*  ronewan<»()  er('ek  about  live*  ini](‘s 
iiortli  of  tlie  J’ennsylvania  line,  wliere  the  elevaition  above  tide- 
water is  1243  feet.  The  fall  from  Ohantam^iia  lake  to  the  sonth- 
(‘rn  bonndary  of  tin*  State*  alon^'  the  di*ainai>e  line  is  therefore  only 
54  feet.  The  eatchment  area  of  Chantainjna.  lake  outlet  at  the 
foot  of  Ohantanqna  lake  is  178  square  miles  and  of  (diantamina 
lake  outlet  below  (hissadiaga  creek,  its  chief  tributary,  343  sejuare 
miles.  ' 

(Uitisa(l<i<i(i  vreek.  This  creek  rises  iii  Casisadaj>a.  lake  at  an  eleva- 
tion of  over  1300  feet  above  tidewater,  and  Hows  south  into  (4iau- 
tau([ua  lake  outlet. 

Conetnniffo  creek.  One  branch  of  this  creek  rises  in  the  extreme 
northern  part  of  Cattaraugus  county  and  the  other  in  the  northern 
])art  of  ChautaiKiua  county.  It  Hows  south  for  ])art  of  the  Avay 
near  the  county  line  between  the*se  two  counties,  and  enters  IVnn- 
sylvania  four  miles  west  of  the  AAx*st  line  of  Chautauqua  county. 

The  territory  drained  by  Conewani>()  ci-eek  is,  in  ♦•eneral,  hilly 
and  rollin<»',  although  the  northern  jmrtion  of  the  stream  has 
slight  descent  with  swam])y  valley.  From  ^larkhain,  in  the  toAvn 
of  Dayton,  to  (Hear  creek,  in  the  town  of  Conewango,  the  fall  is 
only  25  feet.  Th'roughout  this  whole  section  the  (*hannel  is  quite 
irregular,  and  probably  the  average  stream  slo])e  does  not  exceed 
one  foot  ])cr  mile.  The  elevation  of  the  headwaters  is  1500  to 
4000  feet  above  tide,  Avhile  at  the  Fennsylvania  line  this  stream  is 
about  1200  fc(*t  above  tide.  The  catchment  area  in  the  State  of 
Xew  Yorlv  is  770  square  miles. 

Little  Y alley  creek.  This  creek  rises  in  the  central  part  of  Cat- 
taraugus county  and  Hows  southerly  into  the  Allegheny  I'iver  at 
Salamanca.  The  headwaters  are  at  an  elevation  of  about  1700 
feet  above  tide,  Avhile  the  elevation  at  its  mouth  is  about  1380 
feet.  The  catchment  area  is  42  sipiare  miles. 

(treat  Talley  creek.  This  creek  rises  in  the  north  central  part 
of  (diautauqua  county  and  Hows  southerly  into  the  Allegheny 
river,  three  miles  (‘a,st  of  Salamanca.  The  country  at  the  head- 
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waters  is  IGOO  to  ITOOi  feet  above  tide.  The.  catchnient  area  is  145 
square  miles. 

OJean  creek.  The  principal  tributary  of  this  stream  is  the 
Ischua  creek,  which  rises  in  the  northern  part  of  Chautauqua 
county  and,  witli  the  main  Clean  creek,  flows  south,  entering  the 
Allegheny  riyer  at  Clean.  The  eleyation  at  its  mouth  is  1433  feet, 
while  the  headwaters  lie  at  an  eleyation  of  about  1800  feet  above 
tide.  None  of  these  streams  is  important  for  water  power. 

The  topography  of  the  catchment  areas  of  all  these  streams 
tributary  to  Allegheny  river  is  rugged.  With  the  exception  of  a 
portion  of  the  Allegheny  river  itself,  and  some  of  its  main  tribu- 
taries, the  slopes  are  several  feet  to  the  mile.  The  slope  of  the 
main  Allegheny  river  is  slight. 

The  Tunungnant  creek  enters  the  Allegheny  river  four  miles 
south  of  Carrollton,  from  Pennsylvania. 

Susquehanna  River  System 

Susquehanna  river.  The  headwaters  of  the  north  branch  of  the 
Susquehanna  lie  chiefly  in  the  State  of  New  York,  the  catchnient 
area  in  this  State  being  taken  at  ()2(>7  s<piare  miles.  The  main 
stream  may  be  considered  as  rising  in  Ctsego  lake,  from  which  it 
flows  first  southwesterly,  then  westerly  with  a short  portion  of  its 
course  south  of  the  Pennsylyania  line.  -It  finally  leaves  New  York 
State  in  Tioga  county  at  Waverly.  The  Susquehanna,  while  one 
of  the  large  rivers  of  New  York,  is  not  at  all  important  as  regards 
water  power.  The  main  river  and  most  of  its  tributaries  in  New 
York  flow  through  a rolling  countiy  with  fairly  uniform  declivity. 
While  utilized  for  small  powers  in  many  places,  thus  far  there 
ai*e  no  extensive  developments  on  either  the  main  stream  or  its 
branches,  except  at  Binghamton,  where  considerable  water  pow^r 
is  utilized.  The  slope  of  the  stream  in  and  near  New  York  State 
is  shown  by  the  following  elevations,  in  feet,  above  tidewater: 


Feet 

At  Towanda,  a few  miles  south  of  the  State  line TflO 

At  Athens,  on  Chemung  river,  near  the  State  line 744 

At  Ctsego  lake 1,19^ 
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Chemung  river.  This  river  is  formed  by  the  confluence  of  the 
Cohocton,  Oanisteo  and  Tioga  rivers,  at  Tainted  Tost.  The 
Tioga  river  receives  the  Canisteo  at  Erwin,  a few  miles  south- 
west of  Painted  Post.  The  elevation  at  Painted  Post  is  947  feet 
above  tidewater.  From  Painted  Post  the  Chemung  river  ])ursues 
a southeasterly  course,  crossing  the  State  line  at  Waverly  and 
joining  the  Susquehanna  near  Athens,  in  Bradford  county,  I*enn- 
sylvania,  a short  distance  south  of  the  State  line. 

Tioga  river.  This  stream  rises  in  Tioga  county,  Pennsylvania, 
and  flows  north  to  join  the  Cohocton  at  Painted  Post. 

Canisteo  river.  This  stream  is  the  principal  tributary  in  New 
York  of  the  Tioga  river,  joining  it  five  miles  south  of  Painted  Post. 
It  rises  in  the  extreme  northeastern  ])art  of  Allegany  county  and 
flows  southeasterly  to  its  junction  with  the  Tioga  at  Erwin. 

Cohocton  river.  The  Cohocton  river  rises  in  the  town  of  Spring- 
water  in  Livingston  county  and  flows  southeast  to  join  the  Tioga 
at  Painted  Post.  There  are  several  small  powers  on  this  stream 
at  Bath  and  other  places.  The  area  drained  by  the  Cohocton  and 
Canisteo  rivers  is  almost  entirely  denuded  of  forests,  and  these 
streams  are  in  consequence  less  valuable  for  water  power  than 
formerly.  For  a considerable  length  of  time  in  the  fall  of  1895 
the  natural  yield  of  these  streams  was  probably  not  more  than 
0.05  of  a cubic  foot  per  second  per  square  mile.  At  an  early  date 
the  Cohocton,  Canisteo  and  Tioga  rivers  were  extensively  utilized 
for  floating  logs  to  market,  but  this  business  has,  of  course,  long 
since  ceased  for  lack  of  material. 

The  topography  of  the  country  from  wliich  these  streams  issue 
may  all  be  classed  as  semi-mountainous.  The  parts  remote  from 
the  main  streams  are  ronghly  rolling,  while  in  their  vicinity  the 
topography  is  more  rugged,  with  valleys  flanked  by  high  and  steep 
hills,  in  many  cases  precipitous  and  bluff-like  at  their  bases.  The 
main  valleys  are  at  elevations  ranging  from  800  to  1200  feet  above 
tidewater,  while  the  hills  rise  to  an  altitude  of  2500  feet. 

Cayuta  creek.  This  creek  rises  in  the  central  part  of  Chemung 
county  and  flows  south  through  AVaverly  into  the  Susquehanna 
river  just  south  of  the  Pennsylvania  line.  Its  headwaters  are  at 
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nil  elevation  of  about  1200  feet,  witli  hills  in  the  vieinitv  rising 
several  hnndred  fetd  liiglnn-  than  this. 

Oircf/o  creek.  This  sti*eain  Hows  into  the  Snsqiiehanna  river  at 
Owego.  The  east  bramdi  rises  in  (Jortland  county,  flowing  first 
westerly,  thence  southerly  to  its  junction  with  the  west  branch 
at  Fleiningville.  The  west  branch  of  Owego  creek  rises  in  the 
southeastern  jiaft  of  Toinjikins  county  and  Hows  south  to  its 
junction  Avith  (tatatonk  creek,  the  ])rinci])al  tributary  of  Owego 
creek.  Catatonk  creek  rises  in  the  nortlnu'n  ])art  of  Tioga  county 
and  flows  south  to  its  junction  Avith  Owego  creek,  tAvo miles  north 
of  OAvego.  These  streams  all  have  characteristics  in  common. 
The  headwaters  are  at  an  eUwation  of  about  1000  feet  to  1200  feet 
above  tide  and  they  floAV  through  valleys  of  similar  character  Avith 
long  ridgvs  between.  There  is  very  little  poAver  on  any  of  them. 

Chenango  river.  This  stream  rises  in  the  central  ])art  of  ^fadi- 
son  county  in  the  toAvns  of  lOatoii  and  ^fadison,  and  floAvs  south, 
across  Chenango  and  Hroome  counties,  into  the  Susquehanna  at 
Itinghamton.  About  tAvo  miles  south  of  Karlville  the  east  branch 
joins  the  main  stream.  The  eUwation  of  the  valleys  on  the  head- 
waters is  about  1200  feet  above  tide. 

Tioughnioga  river.  This  stream  is  the  chief  tributary  of 
Chenango  river.  The  east  branch  rises  in  ^ladison  county  and 
flows  soutliAvesterly  to  Cortland,  Avhere  it  joins  the  Avest  branch. 
The  Avest  branch  rises  in  the  extreme  south  ]>art  of  Onondaga 
county  and  floAvs  south  to  (Uirtland,  from  Avhich  point  the  general 
course  of  the  Tioughnioga  river  is  southeast  to  its  junction  Avith 
Chenango  river  at  Chenango  Forks. 

Otselic  river.  This  stream  is  the  chief  tributary  of  the  Tiough- 
nioga river.  It  rises  in  the  toAvn  of  Xelson  in  the  south  central 
part  of  ^[adison  county  and  tloAvs  generally  southwest,  joining  the 
Tioughnioga  riA’er  at  Whitney  Foint.  The  Ami  leys  at  i ts  head- 
Avaters  are  at  an  eleAmtion  above  tide  of  1450  feet. 

UnadiUo  river.  The  Unadilla  river  rises  in  the  toAvn  of  Bridge- 
Avater  in  the  extreme  southeastern  ])art  of  Oneida  county  and 
floAvs  southerly,  joining  the  main  Susquehanna  near  Sidney.  The 
eleAmtion  of  the  valleys  at  its  headAvaters  is  about  1200  feet,  Avhile 
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IIh':  elevation  of  (he  Susiiuelianiin  at  Sidney  is  soinewliat:  less 

tlian  1000  feel. 

('hurJotic  rirvr.  Tliis  rivei'  rises  in  the  western  pa'rt  of  Selio- 
harie  county  and  Hows  west  into  tlie  main  Susquehanna  a few 
miles  east  of  Oneoiita. 

Oak  creek.  This  stream  rises  in  Schuyler  lake  and  tlows  south. 
joinin<»-  tlie  main  Susiiuehanna  three  miles  south  of  Otsego  lake. 
Kichheld  Sjiriiigs  is  at  the  north  end  of  this  lake,  with  an  eleva- 
tion above  tide  of  1450  feet. 

The  streams  of  the  Susiiuehanim  catchment  area  largely  issue 
from  the  region  of  Chemung  sandstones  and  shales.  The  country 
is  deforested  and  they  are  all  flashy  and  uncertain  in  their  flow. 
While  there  are  no  measurements  verifying  the  staitement,  the 
writer  considers  it  probable  that  all,  or  nearly  all  of  them,  have 
a minimum  flow  not  exceeding  0.1  of  a cubic  foot  per  second  per 
square  mile,  and  several  of  them,  in  an  extremely  dry  time,  sink 
to  about  0.05  of  a cubic  foot  per  second  per  s<iuare  mile.  The 
flood  Hows,  on  the  contrary,  are  universally  large.  The  valleys 
at  the  headwaters,  as  we  have  seen,  usually  lie  at  elevations  of 
from  ll^OO  to  1400  feet  above  tide. 

In  regal'd  to  the  following  tabulation  of  the  catchment  areas  of 
the  Suscpiehaniia  river  and  its  tributaries  in  Xew  York,  it  must 
be  stated  that  they  are  approximate  only,  l^ome  of  them  are 
fi'om  the  Ke})ort  on  AVater  INjwer  in  the  Tenth  Census,  and  weiv 
taken  by  ]danimeter  measurements  from  French’s  Map  of  the 
State  of  New  York,  ])ublished  in  1800.  Undoubtedly  when  topo- 
gra)>hic  maps  of  the  region  are  prepared,  they  will  be  modified 
somewhat,  but  they  are  the  best  available  at  the  ])resent  time.  ' 

The  followipg  are  the  a])proximate  catchment  areas  of  the 
Susipiehanna  and  its  tributaries  in  the  State  of  New  York: 

Square  miles 

Afaiii  river  below  month  of  Chemung  river  (south  of  l^enn- 


sylvania  line) 7,403 

Total  area  north  of  Pennsylvania  line 0,207 

Above  mouth  of  Chemung  river 4,945 

Relow  mouth  of  Chenango  river 3,982 
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Square  miles 

At  Biuglianiton 2,400 

At  Susquehanna 2,024 

At  Nineveh 1,789 

Above  Oneonta G80 

Below  mouth  of  Unadilla  river 1,G38 

Below  mouth  of  Oak  creek 212 

Above  mouth  of  Oak  creek 97 

Oak  creek 115 

Cherry  Vallej*  creek 121 

Scheuevus  ciTek 127 

Charlotte  river 178 

Otego  creek lOG 

Ouleout  creek 115 

Unadilla  river 5G1 

Butternut  ci’eek 123 

Chenango  river  at  mouth 1,582 

Chenango  river  above  Tioughnioga G85 

Chenango  river  below  Tioughnioga 1,438 

Chenango  river  above  Canasawacta  creek 297 

Tioughnioga  river  at  mouth .' 753 

Tioughnioga  river  above  mouth  of  Otselic  river 428 

Otselic  river 259 

West  branch  of  Tioughnioga  river 103 

East  branch  of  Tioughnioga  river 1G4 

Owego  creek 391 

Cayuta  creek 148 

Chemung  river  at  junction  of  Oanisteo  and  Cohocton  rivers.  1,941 

Chemung  river  at  Elmira 2,055 

Chemung  river  at  mouth 2,518 

Cohocton  Civer  at  mouth 425 

Tioga  river  at  mouth 1,530 

Tioga  above  mouth  of  Oanisteo 750  • 

Oanisteo  at  mouth 780 

Tuscarora  creek  at  mouth 120 
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Delaware  Elver  System 

Dcla leave  river.  The  main  Delaware  river  drains  the  western 
slopes  of  the  Oatskill  mountains,  originating  on  the  slope  of  Mine 
monntcain  near  the  soutlnvestern  line  of  Schoharie  county.  It 
flows  southwesterly  across  Delaware  county  'to  Deposit,  where  it 
is  joined  by  Oiiuaga  creek,  a large  tributary  draining  easteni 
Broome  county.  The  upper  catchment  area  is  long  and  narrow, 
with  numerous  short  lateral  tributaries.  It  is  precipitous  and  to 
-a  considerable  extent  covered  with  a not  very  dense  second-giwth 
forest.  At  Deposit  the  stieain  turns  abruptly  to  the  southeast, 
forming  the  boundary  line  between  New  York  and  Pennsylvania 
until  Port  Jervis  is  leached.  At  this  point  it  encounters  the  foot 
of  the  Shawangunk  range  and  its  direction  of  flow  is  again  turned 
to  the  southwest.  It  leaves  New  York  State  at  this  point.  Above 
Hancock  the  main  stream  is  known  as  the  West  branch  of  the 
Delaware  river  in  order  to  distinguish  it  from  the  East  or  Pepac- 
ton  branch  of  the  river.  It  is  also  sometimes  called  Mohawk,’^ 
but  should  not  be  confused  with  Mohawk  river,  a tributary  of  the 
Hudson. 

The  declivity  of  Delaware  river  in  New  York  State  is  shown 
by  the  following  elevations  above  tidewater: 


Feet 

At  Lackawaxen 600 

At  Deposit 984 

At  headwaters 1,886 


East  branch  or  Pepacton  river.  The  principal  tributary  of  Dela- 
ware river  in  New  York  State  is  the  East  branch  of  the  Delaware 
or  Pepacton  river,  which  rises  in  the  eastern  part  of  Delaware 
and  Greene  counties,  flowing  southwest  in  a course  generally 
parallel  to  the  main  stream.  The  catchment  area  is  broader  and 
more  branching  than  in  the  case  of  the  West  branch.  Several  of 
the  Mbutaries  head  in  small  lakes  and  ponds. 

NeversinTc  river.  This  river  rises  in  the  foothills  of  the  Oatskill 
mountains  in  the  southwestern  part  of  Ulster  county.  The  east 
and  west  branches  unite  to  form  the  main  stream  near  the  south 
line  of  Ulster  county,  from  which  point  the  main  stream  flows 


(liu‘  soiiil).  across  Sullivan  and  ()i‘an«*c  counties,  euteriiyi!,' 
the  main  Delaware  river  at  lN)rt  Jervis.  The  catchuieiit  area  of 
this  sti-eaiu  is  lon<*'  ami  narrow,  ami  with  the  exception  of  the 
Ihishei*  kill  ami  llnsh  kill,  is  practically  without  tributaries  for 
its  whole  lenjith  of  about  50  miles. 

Mougaup  rircr.  This  stream  rises  in  the  north  central  part  of 
Sullivan  comity  ami  flows  due  south,  entering  the  Delaware  river 
at  Monganj). 

There  are  a number  of  other  streams  tributary  to  Delaware 
river,  but  none  of  them  is  of  enongh  imjiortance  for  extended 
mention.  ATuy  little  water  jiower  is  developed  throughout  this 
region,  although  there  are  a number  of  ])laces  where  jiowers  could 
be  developed.  The  location  of  railways  near  the  water  level  has 
interfered  with  such  develojummts.  The  removal  of  foi'csts  has 
further  undoubtedly  considerably  injured  the  tributary  streams 
for  mill  ])urposes. 

The  following  giv(*s  tlu‘  mor(‘  impoi-tant  catchment  areas  of 
the  Didaware  riv<M‘  and  its  tributaries  in  New  York  State: 

Square  miles 


Total  ar(‘U  in  New  York  Stat(‘ LkoStI 

Mjiin  stream  below  mouth  of  Nevm'sink  river 3,()00 

Main  stream  Iwdow  Port  Jervis 3,252 

Main  striqim  bidow  junction  of  Past  and  WJ'st  branches.  . . l.bdt 

M^'st  branch  at  mouth (»S5 

AYest  branch  at  Deposit,  below  Oipiaga  creek 510 

Pepactoii  river  at  mouth 010 

Above  mouth  of  Keaverkill 520 

* >a'  erkill  creek 322 

()()uaga  creek 

Little  Delawai*e  creek 53 

Xeversink  i-ivcr  at  mouth 340 


Hy  way  of  concluding  the  general  discussion  of  the  Allegheny, 
Suscpiehanna,  and  Delaware  river  systems  in  the  State  of  New 
Yoi'k,  it  may  be  remarked  that  these  have  all  been  extensively  used, 
either  foi*  floating  logs  or  for  propelling  sawmills,  or  for  l>oth. 
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The  cleaving  up  of  the  catchment  areas  has,  however,  long  since 
reduced  the  lumbering  business  to  nothing.  These  streams  are 
therefore  much  less  extensivel}^  utilized  than  formerly.  At  pres- 
ent, aside  from  one  or  two  points,  their  use  is  chiefly  for  propelling 
small  sawmills  and  flour  mills  and  for  other  moderate-sized  indus- 
tries. With  one.  or  two  exceptions,  there  are  no  large  power 
developments,  throughout  the  whole  region,  but  undoubtedly  a 
number  of  developments  could  be  made  on  the  Susquehanna  and 
Delaware  rivers,  although  owing  to  high  flood  flows,  developments 
should  be  made  of  a very  permanent  character.  But  this  condi- 
tion, it  may  be  premised,  implies  large  expenditure,  and  whether 
large  permanent  developments  can  be  made  to  pay  on  streams 
where  there  are  no  facilities  for  water  storage  is  an  unsettled 
question.  i'  ' * 

In  a paper  on  the  History  of  the  Lumber  Industry  in  the  State 
of  New  York,  Col.  Wm.  F.  Fox,  Superintendent  of  Forests,  has 
given  many  interesting  facts  relating  to  the  early  use  of  the 
streams  for  floating  logs,  etc.,  to  which  the  reader  is  referred  for 
an  extended  account  under  these  heads.^ 

Streams  of  Long  Island 

The  sand  areas  of  Long  Island  present  conditions  of  water 
yield  different  from  those  of  the  other  catchment  areas  of  the 
State.  We  have  here  an  extended  region  of  course,  deep  sand,  into 
which  the  rainfall  sinks  easily,  there  being  almost  no  surface 
runoff.  These  sand  areas  form  subterranean  reservoirs,  from 
which  from  0.7  to  0.8  cubic  foot  per  second  per  square  mile  may 
be  drawn,  the  same  as  from  artificial  reservoirs  on  the  earth’s  sur- 
face, these  natural  underground  reservoirs  possessing  the  advan- 
tage of  furnishing  a filtered  water  of  a high  degree  of  purity. 

The  taking  of  the  water  supply  of  Brooklyn  from  the  sand 
areas  of  Long  Island  has  led  to  the  development  of  legal  principles 
relating  to  rights  in  underground  water  somewhat  different  from 
those  derived  from  the  common  law  of  England.  The  decision  in 
a test  case,  tried  several  years  ago,  Avas  in  effect,  that  when  sub- 

^ Published  by  the  Department  of  Agriculture,  Washington,  1902. 
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terranean  water  is  taken  in  large  quantity  for  the  supply  of  cities 
or  for  manufacturing  purposes  the  party  taking  it  is  liable  to 
the  adjacent  landowners  the  same  as  in  the  case  of  diverting  sur- 
face water. 

Long  Island  is  chiefly  a sandy  plain,  about  120  miles  in  length, 
with  a total  area  of  1682  square  miles.  A considerable  portion  is 
below  an  elevation  of  100  feet  above  tidewater,  although  in  places 
it  rises  to  elevations  of  300  feet  and  more.  The  streams  are  all 
small  and  only  a few  miles  in  length,  running  down  from  the  high 
land  of  the  middle  section  to  the  Atlantic  ocean  on  the  south  and 
to  Long  Island  sound  on  the  north.  As  regards  water  power,  the 
water  resources  of  Long  Island  have  little  significance,  although 
there  are  many  places  where  small  powers  are  utilized  for  grist- 
mills anfl  other  similar  uses.  The  chief  value  of  the  inland  water 
of  Long  Island  is  for  the  water  supply  of  the  city  of  Brooklyn. 

East  river,  which  connects  Long  Island  sound  with  New  York 
bay,  may  also  be  referred  to  for  convenience  as  a Long  Island 
water  resource.  The  great  value  of  the  stream  to  the  commeTce 
of  New  York  is  so  obvious  as  to  hardly  require  mention-. 

The  foregoing  description  of  the  Tiver  systems  of  New  York  has 
been  made  brief,  because  very  complete  descriptions  have  been 
given  in  the  several  monographs  relating  to  New  York  State 
which  appear  in  the  report  on  the  Water  Power  of  the  United 
States,  Tenth  Census,  1880.  In  these  reports  may  be  found  the 
detail  of  the  several  river  valleys,  with  statements  as  to  agricul- 
tural production,  population,  geology,  climatology,  and  many 
other  subjects  either  not  at  all  touched  on,  or  only  briefly,  here. 

RUNOFF  OF  NIAGARA  AND  ST  UAWRENCE  RIVERS 

In  view  of  the  size  of  the  streams  and  their  importance  the 
runoffs  of  Niagara  and  St  Lawrence  rivers  are  discussed  sepa- 
rately from  the  balance  of  the  streams  of  New  York. 

Niagara  river.  The  great  developments  of  the  Niagara  Falls 
Power  Company  authorized  by  the  laws  of  1886  have  been  in  part 
completed,  while  at  the  same  time  the  original  Niagara  Falls  power 
development,  now  owned  by  the  Niagara  Falls  Hydraulic  Power  & 
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Manufacturing  Company,  has  increa^d  gi*eatly  in  capacity.  The 
laws  of  1886,  and  amendments  thei^to,  have  also  authorized  the 
taking  from  Niagara  river  of  large  quantities  of  water  for  the 
purpose  of  creating  a water  power  near  the  city  of  Lockport.  A 
ship  canal  is  projected  connecting  Lakes  Erie  and  Ontario,  and 
the  Canadian  government  has  made  a concession  for  extensive 
power  developments  on  the  Canadian  side  of  the  river,  which  are 
in  progress  in  1904.  Hence  it  is  evident  that  the  future  demands 
for  water  to  be  taken  from  Niagara  river  and  delivered  either  into 
the  lower  river  below  the  falls  or  into  Lake  Ontario  independent 
of  the  river  are  very  large,  and  the  interest  which  the  people  of  the 
State  of  New  York  have  in  the  runoff  of  Niagara  river  becomes 
exceedingly  important. 

A recent  determination  of  the  area  of  the  basin  drained  by 
the  Great  Lakes  and  of  the  water  surfaces  of  the  lakes  themselves 
is  that  given  in  the  report  of  the  United  States  Deep  Waterways 
Commission,  from  which  the  following  general  summary  is  taken. 
This  determination  was  made  in  1896.  In  1898  the  Board  of 
Engineers  on  Deep  Waterways  redetermined  these  areas  but  with- 
out changing  any  except  that  of  Lake  Erie,  which  was  taken  at 
9932  square  miles. 


Area  of  Area  of  Total  area 

water  surface,  catchment,  of  basin. 
Lake  square  miles  square  miles  square  miles 

Superior 31,800  48,600  80,400 

Michigan 22,400  45,700  68,100 

Huron  23,200  52,100  75,300 

St  Clair 495  6,320  6,815 

Erie  10,000  24,480  34,480 

Total  ^8^  177,200  265,095 


That  portion  of  the  catchment  area  of  Lake  Erie  lying  within 
the  State  of  New  York  is  given  as  2210  square  miles.  The  area  of 
islands  in  Niagara  river  is  given  as  29  square  miles.  That  portion 
of  the  catchment  area  of  Niagara  river  lying  within  the  State  of 
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Xew  York  has  an  area  of  789  square  miles.  The  area  of  the  river 
itself  from  its  head  at  Lake  Erie  to  the  falls,  is  21  square  miles.^ 
The  accompanying  table  gives  the  pTecipitation  within  and  in 
the  vicinity  of  the  catchment  area  of  the  Great  Lakes  for  the  years 
from  1892  to  1895,  inclusive.  In  this  table  a few  only  of  the 
many  precipitation  records  which  are  now  available  have  been 
used.  The  records  here  appearing  are,  it  is  believed,  sufficient  to 
show  the  mean  precipitation  of  the  basin  of  the  Great  Lakes  for 
the  3’ears  indicated.  In  this  table  the  monthly  precipitation  has 
been  omitted,  as  it  can  readily  be  found  in  the  annual  reports  of 
•the  United  States  Weather  Bureau,  and  the  data  have  been  con- 
densed to  show  the  total  quantities  for  the  storage,  growing  and 
replenishing  periods,  together  with  the  total  annual  quantity. 


Table  No.  39 — Phecipitation  (in  inches)  Within  and  in  the 
Vicinity  of  the  Catchment  Area  of  the  Great  Lakes,  1892 
TO  1895,  inclusive. 


Locality  and  year 

December 

to 

May 

June 

to 

August 

September 

to 

November 

Annual 

Pokegama  Falls,  Minn. : 
1892 

...  11.70 

0.99 

2.80 

21. ()1 

1893 

9. 04 

13.06 

2.84 

25.. j4 

1894 

...  14.72 

8.04 

9.01 

31.77 

1895 

12.49 

5.70 

27.33 

Mean 

26. 5G 

^Report  of  the  United  States  Deep  Waterways  Commission,  by  the  Commis- 
sioners, James  B.  Angell,  John  E.  Russell,  Lyman  E.  Cooley,  accompanied 
by  the  report  on  technical  work  and  the  several  topical  reports  and  draw- 
ings pertaining  thereto.  Printed  as  House  Document  No.  192,  Fifty-Fifth 
Congress,  Second  Session,  AA^ashington,  1897,  pp.  146,  147. 

For  the  catchment  area  of  the  Great  Lakes  in  detail  reference  may  be 
made  to  an  excellent  map  of  the  basin  of  the  Great  Lakes  and  of  the  St 
Lawrence  and  Hudson  rivers  in  relation  to  the  surrounding  drainage  sys- 
tems accompanying  the  report  of  the  Deep  AVaterwnys  Commission.  Also 
see  map  on  page  318. 
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Table  No.  39 — Continued. 

December  June  September 

to  to  to 

Locality  and  year  May  August  November  Annual 

Duluth,  Minn. : 

1892  17.9(3  11.78  2.39  32.13 

1893  11.08  (3.86  3.64  21.58 

1894  19.44  3.80  8.51  31.75 

1895  6.44  9.32  7.70  23.46 


Mean 21 .2S 


Minneapolis,  Minn. : 

1892  13.78  23.32  2.33  39.43 

1893  12.80  9.79  5.68  28.27 

1894  15.66  1.73  6.46  23.85 

1895  7.72  9.96  5.01  22.69 


Mean 28.56 


Gi^een  Bay,  Wis. : 

1892  14.95  12.47  7.95  35.37 

1893  14.85  8.12  7.15  30.12 

1894  19.(35  8.52  10.46  38  63 

1895  10.06  7.52  3.14  20.72 


Mean 31.21 


Madison,  Wis.: 

1892  18.89  13.34  4.89  37.12 

1893  13.37  12.75  5.82  31.94 

1894  10.96  6.23  7.61  24.80 

1895  5.54  3.88  2.57  11.99 


Mean 26.Jf6 


Milwaukee,  Wis. : 

1892  18.17  11.00  5.71  34.88 

1893  15.69  10.14  6.06  31.89 

1894  15.94  4.81  8.79  29.54 

1895  10.31  7.15  5.33  23.12 


Mean 29.86 
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Table  No.  39 — Continued. 


Locality  and  year 

December 

to 

May 

June 

to 

August 

September 

to 

November 

Annual 

Chicago,  111. : 

1S92 

16.03 

14.66 

5.56 

36.25 

1893 

13.93 

6.85 

6.18 

26.96 

1894 

14.48 

3.16 

10.30 

27.94 

1^95 

9.58 

10.70 

7.00 

27.28 

Mean 26.61 


Lognnspoi't,  Ind. : 


1892 

27.20 

10.91 

6.97 

45.14 

1893 

24.45 

4.52 

8.92 

37.89 

1894 

21.11 

4.58 

7.82 

33.51 

1895 

9.08 

6.40 

8.56 

24.04 

Mean So.  15 


Ann  Arbor,  Mich. : 


1892 

14.52 

8.18 

7.70 

30.38 

1893 

20.54 

7.18 

10.33 

38.05 

1894 

16.63 

2.76 

7.21 

26.60 

1895 

8.92 

5.40 

4.70 

19.02 

Mean 28.51 

Grand  Haven,  Mich. : 


1892 

16.57 

8.93 

4.97 

30, 

.47 

1893 

19.02 

6.79 

8.68 

34. 

.49 

1894 

19.84 

4.07 

11.08 

34. 

,99 

1895 

10.89 

4.88 

6.17 

21, 

.94 

Mean SO.  51 

Marquette,  Mich.; 


1892 

16.03 

3.53 

8.89 

28.45 

1893 

14.81 

9.16 

7.41 

31.38 

1894 

24.65 

5.25 

9.31 

39.21 

1895 

16.35 

7.04 

8.89 

32.28 

S2.8S 


Mean 
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i Table  No.  39 — Continued. 


Locality  and  year 

December 

to 

May 

June 

to 

August 

September 

to 

November 

Annual 

St.  Ignace,  Mich.: 

1892 

....  12.39 

10.30 

6.43 

29.12 

1893 .’ 

....  15.61 

7.94 

8.31 

31.86 

1894 

....  17.80 

6.83 

9.80 

34.43 

1895 

....  11.66 

4.59 

8.98 

25.23 

Mean 

30.16 

Traverse  City,  Mich. : 

1892 

. ...  17.65 

10.87 

8.61 

37.13 

1893 

. ...  17.88 

7.07 

11.41 

36.36 

1894 

. ...  20.62 

5.61 

9.72 

35.95 

1895 

. ...  16.69 

4.53 

7.85 

29.07 

Mean 

34.63 

Cleveland,  Ohio : 

1892 

. ...  19.84 

11.91 

5.90 

37.65 

1893 

. ...  19.09 

5.46 

7.45 

32.00 

1894 

. ...  15.28 

5.55 

7.77 

28.60 

1895 

9.29 

7.59 

7.91 

24.79 

Mean 

30.76 

Toledo,  Ohio: 

1892 

....  17.77 

12.76 

6.47 

37.00 

1893 

10.17 

4.81 

6.92 

21.90 

1894 

. ...  14.93 

2.78 

5.23 

22.94 

1895 

9.23 

6.24 

7.11 

22.58 

Mean 

26.10 

Buffalo,  N.  Y. : 

1892 

, ...  22.62 

16.93 

8.32 

47.87 

1893 

...  20.65 

8.00 

7.87 

36.52 

1894 

. ...  22.47 

5.82 

12.50 

40.79 

1896 

. ...  14.17 

6.23 

8.85 

29.25 

Mean 


S8.61 
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Table  No.  39 — Concluded. 

December  June  September 

to  to  to 

Locality  and  year  May  August  November  Annual 

Rochester,  N.  Y. : 

1892  17.75  13,41  5.94  37.10 

1893  18.05  9.36  6.02  33.43 

1894  21.26  7.05  7.14  35.45 

1895  16.16  6.84  7.15  30.15 


Mean 3!f.0S 


Oswego,  N.  Y. : 

1892  15.22  15.33  6.82  37.37 

1893  14.63  9.83  8.01  32.47 

1894  19.55  6.46  11.13  37.14 

1895  15.06  6.25  9.08  30.39 

Mean 3) . 34 


Winnipeg,  Manitoba : 

1892  0.65  8.70  3.96  19.31 

1893  8.25  10.81  4.35  23.41 

1894  8.55  3.80  5.84  18.19 

1895  8.18  6.62  2.42  17.22 

Mean 19.53 


Port  Arthur,  Ontario: 

1892  8.84  7.35  5.31  21.50 

1893  8.48  7.39  6.50  22.37 

1894  8.20  5.57  8.30  22.07 

1895  8.76  7.86  6.05  22.67 

Mean 22.15 


Toronto,  Ontario: 

1892  12.21  12.29  6.65  31.15 

1893  18.64  9.85  7.86  36.35 

1894  19.90  3.07  8.44  31.41 

1895  11.93  6.24  7.76  25.93 


Mean 


31.21 
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These  precipitation  data  are  of  special  interest  because  the  year 
1895  was  the  culmination  of  a period  of  exceedingly  low  water. 
They  show  that  for  a period  of  four  years  the  precipitation  of 
this  basin  was  low,  and  in  consequence  the  runoff  of  the  tributary 
streams  must  have  been  exceedingly  small.  As  illustrating  this 
proposition,  we  will  refer  to  the  runoff  of  the  Upper  Mississippi,^ 
where  there  is  a reservoir  system  controlling  a catchment  area 
of  3265  square  miles,  first  operated  about  1885.  The  rainfall 
of  the  area  tributary  to  these  reservoirs,  as  indicated  by  records 
kept  at  Leech  lake.  Lake  Winibigoshish,  and  Pokegama  Falls 
from  1885  until  the  present  time  is,  on  an  average,  from  24  to 
26  inches  per  year.  The  highest  recorded  yearly  precipitation 
is  31.87  inches,  at  Pokegama  Falls  in  1894.  The  rainfall  of  the 
area  tributary  to  the  Upper  Mississippi  reservoirs  is  found  to 
be  quite  similar  to  that  of  the  region  tributary  to  Lake  Superior.. 
Hence  the  runoff  of  this  reservoir  system  may  be  considered 
as  representing  the  runoff  of  the  catchment  area  of  Lake 
Superior  and  the  northern  portion  of  Lakes  Michigan  and  Huron. 
The  following  gives  the  discharge  from  these  reservoirs  for  the 
years  1892  to  1895,  inclusive,  corresponding  with  the  years  of 


precipitation  shown  in  table  No.  31 

L 

AVater  year. 

Afean  rain- 
fall on 
catchment 
area. 
Inches 

Runoff 

of 

catchment 

area. 

Inches 

Proportion 
of  runoff 
to 

rainfall. 
Per  cent 

1892 

21.33 

4.43 

20.8 

1893 

25.42 

3.61 

14.2 

1894 

26.63 

3.62 

13.6 

1895 

25.11 

2.79 

11.1 

Total 

98.49 

14.45 

Mean 

24.62 

3.61 

14.7 

^Annual  report  of  Chief  of  Engineers  U.  S.  Army  for  1896,  part  III, 
p.  1843;  also  for  1897,  part  III,  p.  2169. 
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The  tabulation  shows  that  during  the  years  1892  to  1895, 
iiK-lusive,  the  lueaii  runoff  of  the  Upper  Mississippi  area  was 
only  3.61  inches  on  the  total  catchment.  These  figures,  however, 
are  subject  to  correction  because  the  state  of  the  reservoirs  at 
the  beginning  and  ending  of  the  four-year  period  is  not  given  in 
the  report  of  the  United  States  engineers,  from  which  these  data 
are  taken.  This  correction,  however,  can  not  be  very  large, 
because  the  reservoirs  are  so  operated  as  to  be  emptied,  generally 
speaking,  each  year.  In  considering  the  runoff  of  these  Upper 
Mississippi  reservoirs,  due  consideration  should  be  given  to  the 
fact  that  the  water  area  of  the  reservoirs  is  585  square  miles,  or 
nearly  18  per  cent  of  the  whole.  For  Lakes  Superior,  Michigan, 
Huron,  St  Clair,  and  Erie  we  have  a total  water  surface  of 
87,895  square  miles,  with  a total  catchment  area,  including  the 
surface  of  the  lakes,  of  265,095  square  miles.  The  water  surface 
of  these  several  lakes  is,  therefore,  about  33  per  cent  of  the  entire 
area  of  the  basin,  or  nearly  double  the  relative  area  of  water 
surface  and  catchment  area  for  the  Upper  Mississippi  reservoirs. 
With  other  conditions  the  same,  this  fact  would  probably  lead 
to  a somewhat  greater  proportion  of  runoff  from  the  Great  Lakes. 
The  Upper  Mississippi  reservoirs  are  in  a forested  region,  and  it 
is  interesting  to  consider  what  the  runoff  will  be  after  the  forests 
are  removed.  Taking  into  account  results  in  other  places,  it  is 
probable  that  the  runoff,  under  conditions  of  deforestation,  will 
not  exceed  an  average  of  about  2 inches  per  year. 

Runoff  of  Desplaines  river.  By  way  of  further  illustrating  the 
yield  of  streams  in  the  vicinity  of  the  Great  Lakes  area,  we  will 
refer  to  the  runoff  of  the  Desplaines  river,  as  given  in  table  No.  40. 
This  stream  has  been  measured  by  the  Chicago  Drainage  Com- 
mission, with  certain  intermissions  as  shown  since  January,  1886, 
the  catchment  area  above  the  point  of  measurement  being  633 
square  miles.  The  catchment  comprises  a long  and  narrow  flat 
region  extending  from  near  Chicago  to  a few  miles  north  of 


HYDROLOGY  OF  NEW  YORK 


301 


Milwaukee,  the  eastern  line  being  for  the  entire  distance  nearly 
parallel  to  Lake  Michigan  and  in  places  only  2 or  3 miles  distant 
therefrom.  The  area  drained  by  the  Desplaines  river  is  large 
enough  to  give  a fair  idea  of  the  average  yield  of  streams  tribu- 
tary to  Lake  Michigan  in  northern  Illinois  and  Indiana,  western 
Michigan,  and  southern  and  central  Wisconsin.  In  1893,  with  a 
mean  rainfall  on  the  catchment  area  of  39.96  inches,  the  total 
runoff  was  10.14  inches,  of  which  8.61  inches  occurred  during  the 
storage  period  from  December  to  May,  inclusive.  In  1894,  with 
a total  rainfall  of  27.94  inches,  the  total  runoff  was  7.70  inches, 
of  which  7.54  inches  occurred  in  the  storage  period.  For  the  year 
1895  the  total  rainfall  was  27.28  inches.  The  runoff  data  of  this 
year  are  incomplete,  but  taking  into  account  the  sequence  of  the 
rainfall  it  is  clear  that  the  total  runoff  for  that  year  did  not 
exceed  about  2.0  to  2.5  inches.  The  effect  of  the  three  dry  years 
1893,  1894,  and  1895  in  the  Desplaines  catchment  area  is  shown 
by  the  record  of  1896,  where,  with  a total  rainfall  of  39.58  inches, 
the  total  runoff  was  only  6.69  inches,  of  which  5.39  inches  oc- 
curred in  the  storage  period.  These  figures  indicate  that  the 
ground  water  of  the  Desplaines  area  must  have  been  so  low  at 
the  end  of  1895  as  to  absorb  a large  portion  of  the  heavier  rainfall 
of  1896  before  any  great  amount  could  appear  as  runoff.^ 

^For  details  of  the  measurements  of  the  Desplaines  river  see  Data  Per- 
taining to  Rainfall  and  Stream  Flow,  by  Thomas  T.  Johnston,  Journal 
Western  Soc.  O.  E.,  Vol.  I (June,  1896). 
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1MS()  TO  1897.  INCLUSIVE 
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Table  No.  40— Rainfall  and  runoff  of  Desplaines  river,  as  determined  by  the  Chicago  drainage  commission,  from  1«86  to 

1897,  inclusive  {concluded) 

[Inches  on  the  catchment] 
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Table  Xo.  41. — Evaporation  from  the  Desplaines  catchment, 

AS  GIVEN  BY  DIFFERENCES  BETWEEN  RAINFALL  AND  RUNOFF  IN  THE 
PRECEDING  TABLE. 

[Inches  on  the  catchment.] 


Water  year. 

1886  

Decem- 
ber to 
May. 

June  to 
August. 

5.54 
5.50  . 

Septem- 
ber to 
Novem- 
ber. 

9.97 

Total. 

1887  

2.95 

1889  

...  11.80 

10.08 

8.05 

29.93 

1890  

7.11 

1892  

7.80 

5.52 

1893  

5.32 

5.34 

6.16 

10.82 

1894  

6.94 

3.07 

10.23 

20.24 

1895  •. 

10.69 

6.94 

1890  

14.18 

9.78 

8.93 

32.89 

Rtnioff  of  Muskingum  river.  In  table  No.  42  is  given  tlie  minr 
fall  and  runoff  I’eoord  for  Muskingum  river,  Ohio,  as  measured  at 
Zanessville,^  for  the  years  1888  to  1895,  inclusive,  the  area  of  tlie 
catchment  above  the  point  of  measurement  being  5828  square 
miles.  The  headwaters  of  the  stream  are  not  far  from  Lake  Erie 
and  on  the  dividing  line  between  the  hill  country  of  the  east  and 
the  prairie  country  of  the  Mississippi  valley.  TTence  this  stream 
represents  conditions  applicable  to  tlie  runotf  of  the  Ohio  streams 
tributary  to  Lake  hirie.  The  rainfall  record  as  used  in  this  table 
is  the  mean  of  the  records  kept  :Tt  Akron',  Canton,  Newcomers- 
town  and  Wooster,  and  may  be  considered  to  reiiresent  fairly  well 
the  mean  piecipitation  of  the  Muskingum  catchment  area.  For 
the  year  1892  the  total  rainfall  ^^'as  41.74  inches  and  the  total 
runoff  13.38  inches,  of  which  9.00  occurred  in  the  storage  period. 
In  1893  tlie  total  rainfall  was  42.:h)  inches,  with  a total  runoff 
of  10.20  inches,  the  runoff  of  the  storage  period  being  14.13  inches. 

1 Survey  of  the  Miami  and  Erie  canal,  the  Ohio  canal,  etc.  Report  of 
Capt  Hiram  M.  Chittenden,  Cori>s  of  Engineers,  U.  S.  Army,  January  20, 
1896,  printed  as  House  Document  No.  278,  Fifty-fourth  Congress,  First 
Session,  p.  42. 


Table  No.  42  — Rainfall,  runoff,  evaporation,  and  mean  temperature  of  Muskingum  river,  as  measured  by  the 

United  States  engineers,  from  1888  to  1895,  inclusive 
[In  inches  on  the  catchment  area] 
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Table  No.  43  — KaINFaLL,  runoff,  evaporation,  and  mean  temperature  of  Muskingum  river,  as  measured  by  the 

United  States  engineers,  from  1888  to  1895,  inclusive  {continued) 

[In  inches  on  the  catchment  area] 


306 


NEW  YORK  STATE  MUSEUM 


1 

H-I  O CO  05  O O 1 

X 

03  CO  40 

T— 1 

^ 1 

^ 1 

X 

aaiiW-i^dniaj, 

S| 

0 00  00  00  O 05  £-  1 
(Oi  CO  ^ iO  1 

CO 

,x 

O X 05 
t'  t-  CO 

t-H 

i.- 

X 03  X 1 
CO  40  X j 

40 

1 

1 

1 . . . 

05 

CO 

CO 

o 

. . . 1 

t-H 

UOU^JOdBAa 

s 

o’ 

£- 

X 

CO 

i 

! ! I I ; ! 

o? 

1 

O IC  oa  LO 

CO  { 

( X X CO 

03 

TTh  CO  40  1 

iC 

CQ  CO  C-  O O?  O 

r-H 

1 03  TT 

03 

t-H  03 

GO 

04 

iJouuH 

O O O’J 

T!JH 

1 o o o 

oo’o 

o 

CD 

1 

1 

1 

03  r-l  00  TtH  00 

X 03  tH 

CO  T-H  1 

tH 

lo~ 

CD  O CO  CO  05  £- 

o 

O 05  X 

CO 

40  40  05 

O 

X 

ipjjuma 

s 

-r-l  CO  O 03  »0  40 

40 

03 

X 03  03 

X 

t-H  IC  t-H  I 

05 

03 

1 

X'  00  o <r  05  ] 

CO  05  O 

X 

03  t-H  X 1 

o 

aauiBaadmoj, 

o £-  03  CO  03  CO 
CO  03  CO  CO  ^ 40 

1 X 

r 

t-H  O O 
1 £'  £-  £- 

1 

o’ 

03  O £-  1 
CO  40  X I 

o 

40 

C05 

1 



1 X 

05 

1 

CO 



X 

X 

• • • 1 

t-H 

X 

uo^BaodBAa 

2 



1 

• • • 1 

<X 

tH 

03 

i 

1 

1 

• ; • 

1 

GO 

1 

CO  Tti  o CO  X 40 

1 CO 

O 40  o 

40 

X O 05  1 

1 

X 

Rouna 

O t-  03  CO  03 

X i>  CO 

CO 

03  03  t-H 

1 40 

X 

oT 

tH  O 03  T-H  ■M  03 

r 

03  O O 

X 

o o o 1 

r 

CO 

03  O CO  O t-  1 

1 05 

40  40 

X O X 1 

1 1 

1 X 

O O 

40 

X X CO 

X 

U«J‘MBa 

|S 

03  03  03  CO  03  t- 

1 o 

40  Tt 

CO 

OJ  O t-H 

,_l 

1 1 

|03 

1 

! i 

CO  Oi  X IC  X X 

t-H 

O CO  £- 

TjH 

40  £-  X 

ICO 

40 

o.in;B.iodmax 

0 1-t  ^ cc  o 

d cc  TC  CO  ^ 

05 

X 

05  X 

CO  X CO 

X 

CO 

CO  05  X 
CO  T^  X 

1 T-H  1 
1” 

05 

''t 

1 

^ 1 

'05~ 

o 

X 

i.' 

1 ^ 

X 

UOIJBJOdBAa 

2 

1 40 

1891 

1 

03 

T-H  o O Oi  X 40 

03 

t-H  tH  lO 

t- 

t-  CO 

1 

’cb~' 

, 

05  40  *0  40 

05  40  X 

t- 

t-H  0>  05 

X 

40 

ROnna 

2 

1 1 

O 03  03  T-H  o 

CP  o o 

t-H 

o’  o’  o’ 

r 

T— t 

1 

40  03  X 05  -Tf  05 

03 

CO  03  X 

1 CO 

X 40  40 

1 <30 

CO 

40  Tfl  tH  £'  X 

£- 

40  05  O 

40 

O 03  i> 

X 

IIBjuiBa 

(5T 

03  03  X T-H  03 

t-  CO  03 

X 

t-H  t-H 

4- 

rH 

1 

X 

o 


S Sh  o 


P.  c3 
<1^ 


<b 

pH 

q; 

be 

d 


m 


p 

p P 


P 

be 

P 


P 

pH 

be 

p 

p 

O 


^ 1-5  <1 


P 

-u  o 
a;  O 

c/^O 


P 

'Ph 

p 


Yearly  mean  or  total, 


HYDROLOGY  OF  NEW  YORK 


a07 


Q.xt^a^aocluiaj;, 


iioi^^moduAg 


jjouna  CO 


n^jurea 


a 'S 


ajn^Baadaxax 


UOlC^BJOdBAa 


^ p 

o s 

p "t  o 

5 § ^ 

Ph  '30  -P 

g g 

2 2 s 

H o 
H 00  -p 
00  ^ 
^ CO  ^ 

•<1  M 

w a 

g 

""  «.s 

2 S ^ 

W M 

o 

P C/2 

^ p 

> 5 

p g 

p 

p O 
O H 
^2;  H 


jjouua 


IlBJUIBa 


aan^Baaduiax 


UOl^BJOdBAa 


Bouna 


IlBjuiBa 


O 

P 

P 

M 

&H 


I o 

I 00 


I 00 

i^’ 


(M  tH  Ol  «D  iO 


t-  C?  CO  01  00  CO 


O O to  ^ I cc 
O O T^  'Tt^  t-  i>  I C£ 


o?  ox  ox  ox  ox 


!2 


CO  CD  I O 
rH  Cl  r-l 

L-  CO  i>  1> 


OX  — j 

O O i o 


ox  ox  CO  1 oi 


O ^ I CO 
o o'  o'  I o' 


ox  tH  o 


lO 


CO  I 


o o o 
ox  o tT' 


ox  ox 


<u 

S cS  ;3  ■ ■ ^ 

cD^idpn::- 
^ d 


itl 

1-0  P3 


Pi 

_g  • ^ 

s S3  a 

r/^  O 


r2 

'H. 

<0 


o3 

-u 

O 

-4-> 

o 

i=l 

c6 

o 

a 

0) 


80S 


NEW  YORK  STATE  MUSEUM 


In  1894  the  rainfall  dropped  to  a total  of  30.51  inches  and  the 
runoff  to  a total  of  8.70  inches,  of  which  7.63  inches  occurred  in 
the  storage  period.  In  1895  the  total  rainfall  wais  29.84  inches 
and  the  total  ninoff  4.90  inches,  of  which  4.04  inches  occurred 
during  the  storage  period. 

Runoff  of  Genesee  river.  Genesee  river,  while  not  tributary  to 
the  Great  Lakes  above  Niagara  riyer,  may  still  be  cited  as  showing 
that  at  times  the  runoff  of  streamis  tributary  to  the  Great  Lakes  is 
very  low.  Referring  to  table  No.  43,  which,  for  the  years  1890, 
1891  and  1892,  gives  the  rainfall  and  runoff  of  Oatka  creek,  a 
tributary  of  the  Genesee,  we  learn  that  in  the  water  year  1891, 
with  a rainfall  of  38.12  inches,  the  runoff  was  14.05  inches.  In 
1892,  with  a rainfall  of  41.69  inches,  the  runoff  was  15.42  inches. 


Taking  the  record  of  Genesee  river  proper,  for  the  years  1893- 
1898,  inclusive,  as  given  in  table  No.  43,  we  learn  that  for  the 
water  year  1894,  with  a mean  precipitation  above  the  point  of 
measurement  of  47.79  inches,  the  runoff  was  19.38  inches,  of  which 
15.73  inches  occurred  in  the  storage  period.  In  1895  the  rainfall 
dropped  to  31  inches  and  the  total  runoff  to  6.67  inches.  In  1880 
Hemlock  lake,  a tributary  of  Genesee  river,  with  a catchment  area 
of  43  square  miles  and  a total  rainfall  of  21.99  inches,  gave  a 
runoff  of  only  about  3.4  inches. 


Table  No.  43 — Runoff  data  of  Genesee  river  for  water  years  1890-1898,  inci.usive 

(In  inches) 
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♦For  the  years  1890-92,  inclusive,  the  rainfall  of  the  Oatka  creek  catchment  area  has  been  used  rather  than  that  of  the  entire  upper  Genesee  ai’e'a, 
as  per  Table  No.  11  of  1896  Report  of  State  Engineer  and  Surveyor  of  New  York,  p.  669.  + Approximate. 


Table  No.  43— Runoff  data  of  Genesee  river  for  vtater  years  1800-1898,  inclusive  {concluded) 

(In  inches) 
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These  figures  are  cited  to  sliow  that  in  years  of  low  rainfall 
the  nmolf  of  streams  tributary  to  the  Great  Lakes  is  low,  and  as 
a consequence  the  runoff  of  Niagara  ricer  will  necessarily  be 
affected  thereby. 

Aside  from  the  measurements  made  hj  the  Board  of  Engineers 
on  Deep  tt^aterways  in  1S08,  the  most  elaborate  measurements 
thus  far  made  are  those  of  the  Lake  Surrey  in  18G7  and  1869  which 
are,  however,  extremely  unsatisfactory.  According  to  these  meas- 
urements the  mean  discharge,  rainfall  and  evaporation  from  the 
Great  Lakes  for  the  year  1868,  in  cubic  feet  per  second,  were  as 
follows  d 


Lake 

Superior 

Mean  dis- 
charge 

86,000 

Total  rainfall 
on  basin 

171,430 

Evaporation 
from  surface 

27,690 

Huron  and  Michigan 

225,000 

251,450 

59,890 

Erie 

265,000 

100,540 

14,310 

Total  

523,420 

101,890 

According  to  the  Deep  Watervmys  Commission’s  tabulation  of 
r-ecords  of  hights  of  the  Great  Lakes,  it  appears  that  the  water 
level  fluctuated  through  a series  of  years  to  the  extent  of  about 
3.8  feet.  In  the  present  discussion  we  are  chiefly  concerned  with 
the  fluctuations  of  Lake  Erie,  which  control  the  discharge  of 
Niagara  river.  From  table  No.  44,  which  gives  the  mean  monthly 
elevations  of  I^ake  Erie  at  Buffalo  for  the  years  1865-1898,  in- 
clusive, it  a,pj)ears  that  the  highest  mean  monthly  elevation  during 
these  years  was  for  June,  1876,  when  the  mean  lake  surface  was 
574.31  feet.  The  lowest  mean  monthly  elevation  for  the  period  was 
for  November,  1895,  vdien  the  mean  for  the  month  was  570.49  feet. 
The  range  in  the  mean  monihly  elevations  for  this  period  was 
therefore  3. 82  feet. 

In  regard  to  table  No.  44  it  is  stated  in  the  Report  of  the  Board 
of  Engineers  om  Deep  Waterways  that  the  uncertainty  concerning 
the  stability  of  the  Buffalo  gage  previous  to  1896,  together  with 
the  excessive  fluctuatious  of  the  lake  level  at  Buffalo,  appear  to 
make  the  Cleveland  gage  record  more  reliable,  and  it  has  therefore 
been  used  in  determining  the  mean  monthly  elevations  of  the  lake. 

'These  figures  are  derived  from  Mr  Cooley’s  Lakes  and  Gulf  Waterways, 
as  corrected  and  given  in  the  Journal  of  the  Assoc,  of  Eng.  Soc.,  Vol.  VIII 
(Marcli,  1889),  p.  1.32. 


MONTHLY  ELEVATIONS  OF  LAKE  ERIE,  18G5-1898,  INCLUSIVE 
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Temporarily,  much  greater  tiucliiatioiiis  than  indicated  in  the 
foregoing  table  have  been  experienced,  dne  largely  to  wind  action, 
to  which  Lake  Erie,  on  account  of  its  shallowness,  and  the  fact 
that  its  general  direction  is  favorable  for  the  sweep  of  the  pre- 
vailing winds,  is  peculiarly  subject.  In  regard  to  the  measure- 
ments of  the  Lake  Survey,  it  may  l)e  remarked  that  they  indicate 
large  variations  in  discharge  from  all  of  the  lakes,  from  the  effects 
of  winds  and  other  disturbing  causes,  but  give  little  clew  to  the 
<iuantities  at  either  of  the  extremes  of  high  or  low  water.  Ac- 
cording to  Lyman  E.  Cooley  the  extreme  low-water  discharge  is 
probably  20  to  SO  per  cent  less  than  the  Lake  Survey  figures,  and 
extreme  high  water  20  to  30  per  cent  more. 

Maasurements  of  the  amount  of  water  floAving  in  Magara  river 
were  begun  in  December,  1891,  at  a time  when  the  water  in.  Lake 
Erie  was  very  Ioav  and  the  conditions  were  considered  specially 
favorable  for  minimum  discharge.  The  results  are  given  in  the 
Annual  Report  of  the  Chief  of  Engineers  for  1893,  part  VI,  pp. 
4364-4371.  The  point  selected  was  about  1000  feet  below  the  Inter- 
national bridge  at  Black  Rock,  near  the  foot  of  Squaw  island,  at 
which  point  the  river  is  free  from  eddies.  Niagara  river,  on  leav- 
ing Lake  Erie,  has  a nearly  straight  chan  net  about  2000  feet  wide 
for  the  first  2 miles.  The  fall  in  this  section  is  from  4 to  5 feet, 
and  the  velocity’  ranges  from  7 miles  per  hour  at  the  upper  end  to 
about  5 miles  at  the  lower  end.  The  point  was  chosen,  after  care- 
fnl  consideration,  as  the  point  in  that  vicinity  least  subject  to 
disturbance.  In  taking  the  cross  sections,  the  width,  which  varies 
slightly  Avith  different  stages  of  the  riA’er,  Avas  accurately  deter- 
mined for  gage  readings  1 foot  apart,  and  for  extreme  points  the 
width  was  determined  by  interpolating  vmlues  derived  from  the 
known  slope  of  the  river  banks.  A local  gage  Avas  established  at 
the  draw  pier  of  the  International  bridge,  by  setting  gage  boards  on 
each  side  of  the  pier,  with  the  zeros  of  the  gages  on  the  same  le\el. 
The  local  gage  was  read  at  the  beginning  and  close  of  all  velocity 
observations,  and  the  gage  at  Buffalo  Avas  read  at  7 a.  m.  and  1 
and  7 p.  m.  The  zero  of  this  latter  gage  is  at  the  mean  level  of 
Lake  Erie,  or  572.23  feet  above  mean  tide  at  New  York  in  the 
Erie  canal  levels,  or  as  used  by  the  government  engineers,  572.96 
feet.  During  the  velocity  observations  in  Deeember,  1891,  Lake 
Erie  was  about  1.5  feet  beloAv  its  mean  level,  and  is  stated  not 
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to  have  been  seriously  affected  by  strong  win'ds.  Still  the  daily 
record  shows  that  there  must  have  been  some  wind  action.  The 
current  velocities  were  obtained  after  the  methods  used  by  the 
Mississippi  Eiver  Commission  and  described  in  their  reports,  all 
velocity  observations  being  taken  with  a current  meter,  with 
electrical  ap])liances  for  recording  the  number  of  revolutions. 
The  following  are  some  of  the  results  obtained  : ^ 


^lean  bight 


Moan  bight 
on  Buffalo 


Date 

on  local  gage 

gage 

second 

1891 

Eeet 

Feet 

Cu.  feet 

December  24. 

0.05 

— 2.95 

164,648 

December  14. 

— 1.85 

191,822 

December  21. 

0.735 

V —1.75 

193,522 

December  20. 

0.835 

— 1.75 

201,433 

])ecember  22. 

1.125 

— 1.45 

208,597 

December  10. 

1892 

1.33 

— 0.50 

218,353 

Mav  19 

1.562 

— 0.80 

213,180 

Mav  7 

1.750 

— 0.85 

218,988 

Mav  24 

2.292 

— =-=3  — 

+ 0.15 

236,762 

The  tabulation  shows  (1)  a variation  in  lake  elevations,  as  indi- 
cated in  the  Buffalo  gage,  from  — 2.95  on  December  24,  1891,  to 
-|0.15  on  May  24,  1892,  a range  of  3.10  feet;  (2)  a variation  in 
discharge  of  72,114  cubic  feet  jier  second.  There  are  some  dis- 
crepancies in  the  results  which  it  is  not  necessary  to  discuss  at 
length;  but  in  the  absence  of  moie  satisfactory  data  we  may  safely 
assume,  in  view  of  the  foregoing  evidence  as  to  the  small  runoff  of 
streams  tributary^  to  and  in  the  vicinity  of  the  Great  Lakes,  that 
the  figures  obtained  in  the  fall  of  1891  and  sjiring  of  1892,  are  more 
nearly  correct  than  the  largei*  figures  of  the  Lake  Survey.  By 
plotting  the  observed  discharges  a mean  discharge  curve  has  been 
obtained,  from  which  the  discharge  of  the  river  at  points  within 
tlie  range  of  the  observation  can  be  taken  off,  when  one  has  the 
tabulated  bights  of  the  Buffalo  gage  before  him.  At  present 
lhese  measurements  are,  on  the  whole,  not  considered  sufficiently 

lAmnial  Eeport  of  Chief  of  Engineers,  United  States  Ariny,  1893,  part 
VI,  p.  4367. 
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exact  to  justify  the  labor  of  preparing  a tabulation  of  this 
character.^ 

]b‘fen*ing  to  the  tabulation  on  ]»age  oil,  it  is  learned  that  tlie 
rainfall  in  that  ])ortion  of  the  basin  of  the  Great  Lakes  tributai*y 
to  Niagara  river  was,  for  18G8,  52d,420  cubic  feet  i)er  second,  and 
the  evaporation  from  the  water  surface  of  the  lakes  tributary  to 
Niagara  river  was  101,800  cubic  feet  per  second.  Hence  the 
evaporation  from  the  lake  surfaces  was  nearly  20  per  cent  of  the 
rainfall  on  the  whole  basin.  Assumiing  for  the  moment  the  truth 
of  these  figures,  we  have  80  per  cent  of  the  total  rainfall  from 
which  the  land  evaporation  must  be  deducted  before  anything  can 
run  off.  Again  assuming  the  land  evaporation  at  1.70  feet,  there 
results  a losvs  from  this  source  alone  of  208,000  cubic  feet  per 
second;  adding  to  this  the  evaporation  loss  from  the  water  sur- 
faces gives  a total  evaporation  loss  of  399,890  cubic  feet  per 
second.  The  runoff  is  the  difference  beLsveen  rainfall  and  total 
evaporation  losses.  If,  therefore,  the  land  evaporation  was  1.7 
feet  for  the  year  1868,  the  runoff  would  have  been  in  reality  only 

1 There  have  been  a number  of  independent  measurements  of  volume  of  the 
Niagara,  and  though  the  results  differ  widely,  they  probably  do  not  differ 
more  than  the  actual  volume  of  the  river  at  various  stages  of  Lake  Erie. 

Lyell  (1841  ?)  quotes  Kuggles  as  authority  for  a volume  of  250,000  cubic 
feet  per  second. 

E.  R.  Blackwell,  computed  by  Allen  (Am.  Jour.  Sci.,  1841),  obtains  374,000 
■cubic  feet  per  second.  His  work  was  afterwards  recomputed  by  D.  F. 
Henry,  who  obtained  244,797  cubic  feet  per  second. 

In  the  Annual  Report  of  the  Chief  of  Engineers,  United  States  Army, 
for  1807-68,  D.  F.  Henry  gives  as  a result  of  observations  in  August  and 
September,  1867.  242,494  cubic  feet  per  second.  A year  later  he  recom- 
puted from  the  same  data,  and  obtained  240,192  cubic  feet  per  second.  lie 
also  made  a new  measurement  by  a different  method  (see  report  for  1868- 
i>9')  from  which  he  obtained  tw^o  results,  304,307  and  258,586  cubic  feet  per 
second. 

W.  F.  Rejmolds  (Annual  Report  of  the  Chief  of  Engineers,  United  States 
Army,  1870?),  gives  the  result  of  observations  from  June  to  September, 
1869,  212,860  cubic  feet  per  second. 

In  the  Annual  Report  of  the  Chief  of  Engineers,  United  States  Army,  for 
1871,  there  is  a mention  of  a result,  without  date  of  measurement,  245,296 
•cubic  feet  per  second. 

In  the  Annual  Report  of  the  Chief  of  Engineers,  United  States  Army,  for 
1891-92,  Quintus,  as  a result  of  gaging,  gives  the  volume,  reduced  to  mean 
stage,  as  232,800  cubic  feet  per  second. 

Sir  Casimir  S.  Gzowski,  from  continuous  observations  at  the  Inter- 
national bridge,  1870-1873,  gives  an  average  discharge  for  that  period  of 
246,000  cubic  feet  per  second. 
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123,330  cubic  feet  per  second  instead  of  265,000  cubic  feet  per 
second,  as  determined  b}^  the  Lake  Survey.  These  figures,  while 
not  conclusive,  are  suggestive,  so  much  so,  indeed,  that  taking  intO' 
account  all  the  conditions  it  seems  clear  that  in  a series  of  years  of 
minimum  rainfall  the  runoff  of  the  Great  Lakes,  tributary  to 
Niagara  river,  may  be  as  low  as  from  6 to  9 inches  a year  on  the 
catchment.  At  the  former  figui^e  the  mean  discharge  would  be 
about  177,700  cubic  feet  per  second.^ 

As  an  additional  source  of  loss  from  the  Great  Lakes  the  diver- 
sion of  10,000  cubic  feet  per  second  through  the  Chicago  drainage 
canal  to  the  headwaters  of  Illinois  river  may  be  referred  to. 
Thus  far  the  discussion  of  such  loss  has  been  mainly  conducted 
on  the  supposition  that  the  mean  discharge  of  the  Great  Lakes  at 
Niagara  was  about  265,000  cubic  feet  per  second.  If  this  were 
true  the  injurious  effect  of  such  diversion  could  only  appear  dur- 
ing a series  of  extremely  dry  years.  The  writer  can  not  but  think 
that  this  whole  question  of  the  runoff  of  Niagara  river  has  become 
fogged  by  a discussion  based  thus  far  purely  on  averages.  What 
we  really  want  to  know  is  the  runoff  of  a cycle  of  dry  years.  With 
such  data  we  can  compute  the  effect  of  a given  diversion  more 
satisfactorily  than  when  dealing  with  means. 

With  a cycle  of  rainfall  years,  either  high  or  about  the  average 
very  little  effect  from  such  diversion  will  be  observed,  the  con- 
sensus of  opinion  at  the  present  time  apparently  being  that  it  will 
not  exceed  about  0.3  to  0.4  foot  in  depth  over  the  areas  affected. 
Owing  to  the  balancing  of  conditions  due  to  the  pondage  of  the 
Great  Lakes,  and  w^hich  requires  years  in  order  to  complete  a 
cycle,  it  is  uncertain  whether  the  abstraction  of  10,000  cubic  feet 
per  second  at  Chicago  would  be  specially  detrimental  at  Niagara 

^By  way  of  illustrating  further  the  probable  inaccuracy  of  the  Lake  Survey 
figures,  it  may  be  pointed  out  that  if  the  determination  of  evaporation  from 
the  water  surfaces  at  101,890  cubic  feet  per  second  and  runoff  at  265,000 
cubic  feet  per  second  for  the  year  1868  is  correct,  the  total  outgo  from  these 
two  sources  was  368,890  cubic  feet  per  second,  leaving  the  land  evaporation 
for  that  year  at  156,330  cubic  feet  per  second,  or  at  0.9  foot  over  the 
catchment. 

By  studying  the  evaporation  of  the  Upper  Mississippi  reservoirs,  the 
Desplaines  and  Muskingum  rivers,  and  other  streams  herein  referred  to, 
it  will  readily  be  seen  that  it  is  exceedingly  improbable  that  a land  evapo- 
ration as  low  as  0.9  foot  ever  occurred  over  the  whole  catchment  of  the 
Great  Lakes. 
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Falls,  althougli  in  years  of  extreme  low  flow  it  is  probable  that  it 
would  be  apparent.  If,  however,  the  niiniimiim  flow  of  Niagara 
river  is  really  as  low  as  1.50,000  to  180,000  cubic  feet  per  second, 
it  is  clear  that  the  loss  of  10,000  cubic  feet  per  second  will  be  a 
matter  w^orth  taking  into  account. 

In  a paper  on  The  Reservoir  ►System  of  the  Great  Lakes  of 
the  St  Lawrence  Basin, ^ Coi.  Hiram  M.  Chittenden  discusses 
many  of  the  questions  in  regard  to  the  runofl:  of  the  Great  Lakes. 
This  paper  is  accompanied  by  a ^latliematical  Analysis  of  the 
Influence  of  Reservoirs  Upon  Stream  Flow,  by  Jas.  A.  Seddon, 
which  elucidates  many  of  the  more  pertinent  facts  affecting  such 
flow. 

In  the  discussion  of  the  effect  of  diverting  10,000  cubic  feet 
per  second  at  Chicago  on  the  levels  of  the  Great  Lakes,  by  Lyman 
E.  Cooley,  which  apjvears  in  the  Proceedings  of  the  Annual  Convem 
tion  of  the  International  Deep  IVaterways  Association,  held  at 
Cleveland  in  September,  1895,  it  is  stated  that  assuming  the  cor- 
rectness of  the  figures  derived  from  the  Lake  Survey  idacing  the 
mean  discharge  of  St  Clair  river  at  2'25,000  cubic  feet  per  second, 
the.  abstraction  of  10,0(10  cubic  feet  per  second  would  diminish 
the  mean  outflow  in  St  Clair  river  by  nearly  4.5  per  cent  and  iii 
Niagara  river  by  about  3.75  per  cent.  Mr.  Cooley  says  that^ 
reasoning  on  lines  obvious  to  those  unacquainted  with  hydraulic 
principles,  it  is  aiqmrent  that  the  ruling  depth  in  the  rivers  at 
mean  level  can  not  be  lessened  by  an  amount  greater  than  the 
percentages  just  stated;  but  if  we  conisider  the  question  as  an 
hydraulic  proposition,  taking  into  account  the  relation'  of  mean 
radius  to  area  and  }>erimeter,  it  is  apparent  that  the  effect  on 
lake  levels  Avould  be  only  a fraction  of  that  indicated  by  the 
reduction  in  volume. 

From  September,  1897,  to  September,  1898,  the  Board  of  Engi- 
neers on  Deej)  MAterways  made  an  extended  series  of  current 
meter  measuienients  of  the  outflow  of  Niagara  river.  These 
measurements  were  made  at  the  International  railway  bridge  at 
Buffalo,  and  are  (he  best  thus  far  made.  The  minimum  flow 
occurred  in  November,  1895,  when  the  mean  for  the  month  was 
177,852  cubic  feet  per  second,  and  the  mean  for  the  whole  year 


iTrans.  Am.  Soc.  C.  E.,  Vol.  XL  (Dec.  1898),  pp.  355-448,  inclusive. 
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Map  of  the  reservoir  system  of  the  Great  Lakes. 
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was  187,255  cubic  feet.l)er  second.  Table  No.  45,  giving  these 
discharges,  has  been  conistriioted  by  substituting  the  mean 
monthly  elevations  of  Lake  Erie  from  the  preceding  table  in  the 
formula  for  discharge  of  Niagara  river.  It  extends  from  18G5- 
1898,  inclusive. 

It  will  be  noticed  that  on  a preceding  page  the  writer  states  that 
the  mean  discharge  for  a year  may  be  as  low  as  177,700  cubic  feet 
per  second,  or  not  exceeding  about  6 inches  in  depth  over  the  entire 
catchment  area.  For  the  year  1895  the  mean)  discharge  for  the 
entire  year  was  only  10,000  cubic  feet  per  second  in  excess  of 
this  figure,  but  it  is  certain  that  1895,  Avhile  a low  year,  was  not 
absolutely  the  minimum  year.  In  view  of  the  foregoing,  it  is 
believed  that  when  properly  used,  intelligent  analysis  of  rainfall, 
runoff  and  evaporation  may  be  sufficient  to  settle  such  a question. 

The  literature  of  the  discharge  of  Niagara  river  and  of  the 
probable  effect  on  the  lake  levels  of  abstracting  10,000  cubic  feet 
per  second  at  Chicago  has  grown  so  extensive  as  to  preclude  fur- 
ther discussion  here.  Those  wishing  to  pursue  the  subject  ma}- 
consult  the  references  given  in  the  footnote. 

The  following  is  a summary  of  the  matter: 

1)  The  studies  of  the  Lake  Survey  indicate  a mean  discharge 
of  Niagara  river  of  about  205,000  cubic  feet  per  second,  with  a 
range  above  and  below  the  mean  of  from  20  per  cenit  to  30  per 
cent. 

2)  The  measurements  made  from  December  to  May,  1891-92, 
indicate  a minimum  discharge  as  low,  or  even  lower,  than  141,000 
cubic  feet  per  second. 

3}  The  measurements  of  the  Board  of  Engineers  on  Deep 
Waterways,  made  in  1898-99,  indicate  a mean  discharge  from 
1805-1898,  inclusive,  of  220,000  cubic  feel  per  second,  while  for 
the  year  1895  the  mean  for  the  whole  year  is  only  187,000  cubic 
feet  per  second. 

4)  Based  on  theoretical  considerations  purely,  the  writer  in 
1897  estimated  the  minimum  mean  discharge  for  a series  of  dry 
years  at  178,000  cubic  feet  per  second,  or  at  the  rate  of  0 inches 
in  depth  over  the  entire  catchment  area.  The  writer  considers 
that  this  latter  figmre  is  more  nearl}"  right  than  any  estimate 
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thus  fnr  made.  Tlie  reasoiiis  for  tJiis  view  may  be  derived  from 
the  jireceding  discusisioii  of  the  rumoif  of  Niagara  river 

St  Laicrence  river.  According  to  the  report  of  the  Deep  Water- 
ways Commission,  the  area  of  the  water  surface  of  Lake  Ontario 
is  7450  square  miles,  and  the  area  of  the  tributary  catchment, 
exclusive  of  the  area  of  the  lake  itself,  25,530  square  miles.  The 
total  area  of  the  catchment  basin,  including  both  land  and  water 
surfaces,  is  32,980  square  miles.  The  area  of  the  water  sur- 
face of  St  Lawrence  river  from  Gallops  rapids  to  Montreal^  is 
given  at  220  square  miles,  and  the  area  of  the  tributary  catchment 
at  5710  square  miles;  hence  the  total  area  of  the  basin  of  the 
St  Lawrence  from  Gallops  to  Montreal  becomes  5930  square 
miles. 

In  the  foregoing  figures  Lake  Ontario  is  considered  as  beginning- 
in  Niagara  river,  at  the  foot  of  Niagara  Falls  and  terminating 
at  the  head  of  Gallops  rapids,  whence  the  following  subdivisions 
of  water-surface  area  are  derived ; Niagara  river,  5 square  miles ; 
Lake  Ontario  proper,  7260  square  miles;  St.  Lawrence  river,  185 
square  miles;  giving  a total,  as  above,  of  7450  square  miles. 

Of  the  total  area  of  catchment  of  25,530  square  miles,  14,275 
square  miles  lie  within  the  State  of  New  York  and  11,255  square 

‘For  literature  of  discharge  of  Great  Lakes  and  allied  questions  see  (1) 
reports  Chief  of  Engineers,  1868,  1869,  1870,  and  1882;  (2)  reports  Chief  of 
Engineers,  1893;  (3)  Eng.  News,  Vol.  XXIX  (March  2,  1893) ; (4)  The  Lakes 
and  Gulf  Waterways,  by  L.  E.  Cooley ; (5)  The  Level  of  the  Lakes  as  affected 
by  the  Proposed  Lakes  and  Gulf  Waterway,  a discussion  before  the  Western 
Society  of  Engineers,  in  Jour,  of  the  Assn,  of  Eng.  Socs.,  Vol.  VIII  (March, 
1889) ; (6)  An  Enlarged  Waterway  Between  the  Great  Lakes  and  the  Atlan- 
tic Seaboard,  by  E.  L.  Corthell,  with  discussion,  in  Jour,  of  the  Assn,  of 
Eng.  Socs.,  Vols.  X and  XI  (April,  June  and  December,  1891,  and  July, 
1892);  (7)  Lake  Level  Effects  on  Account  of  the  Sanitary  Canal  at  Chicago, 
by  L.  E.  Cooley,  in  Proceedings  International  Deep  Waterways  Convention, 
at  Cleveland,  September,  1895;  (8)  A Technical  Brief,  by  Thomas  T.  John- 
ston, covered  by  the  preceding  reference;  (9)  papers  by  William  Pierson 
Judson,  on  An  Enlarged  Waterway  Between  the  Great  Lakes  and  the  At- 
lantic Seaboard,  pamphlets,  1890  and  1893;  (10)  Report  of  Board  of  Engi- 
neers on  Deep  Waterways,  Document  149,  Fifty-sixth  CongTess,  Second  Ses- 
sion, House  of  Representatives  (1900).  Also  (11),  Report  on  The  Regulation 
of  Lake  Erie,  by  George  Y.  Wisner.  Document  No.  200,  Fifty-Sixth  Con- 
gress, First  Session,  House  of  Representatives  (1899).  This  latter  report  is 
also  given  in  The  Report  of  the  Board  of  Engineers  on  Deep  Waterways, 
as  per  reference  (10).  ^ 

^Report  of  U.  S.  Deep  Waterways  Commission,  1897,  House  Document 
No.  192,  Fifty-fourth  Congress,  Second  Session,  pp.  151-153. 
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miles  in  the  province  of  Ontario.  The  standard  low-water  eleva- 
tion of  Lake  Ontario  is  taken  as  244.53  feet,  and  the  standard 
high-water  elevation  as  249.04  feet  above  tide. 

St  Lawrence  river  is  considered  as  beginning  at  Gallops  rapids. 
The  following  tabulation  gives  the  elevation  of  water  surface  at  a 
number  of  points.^ 


Elevation  above  tide  op  low-water  and  high-water  surface 


OF  St.  Lawrence  river 


Locality 


Ogdensburg 

Lake  St  Francis,  at  Valleyfield 
Lake  St  Louis,  at  Melicheville 
Montreal  


standard  low 
water. 
Feet 

standard  high 
water. 
Feet 

244.28 

248.57 

153.50 

155.94 

70.0 

77.50 

23.10 

35.78 

The  area  of  water  surface  of  the  St  Lawrence  from  Gallojis 
rapids  to  ^lontreal  is  220  square  miles,  and  the  total  area  of 
catchment  not  included  in  the  surface  of  the  river  is  5710  square 
miles,  of  which  3800  square  miles  lie  in  New  York,  620  in  Ontario, 
and  1290  in  Quebec.  The  total  area  of  the  catchment,  including 
water  surface  of  the  river,  is  5930  square  miles. 

The  only  measurements  as  to  the  discharge  of  St  Lawrence  river 
thus  far  made  are  those  of  the  Lake  Survey,  which  give  a mean 
discharge  of  300,000  cubic  feet  per  second.  The  recent  data  would 
indicate  that  this  figure  is  somewhat  too  large,  as  in  the  Lake 
Survey  discharge  of  Niagara  river.  The  streams  tributary  to  Lake 
Ontario,  however,  issue  from  a region  of  heavier  rainfall  than 
those  tributary  to  the  Upper  Great  Lakes  and,  as  shown  by  the 
runoff  tables  of  this  report,  are  generally  much  better  water 
yielders.  Taking  everything  into  account,  it  is  probable  that 
the  minimum  discharge  of  St.  Lawrence  river  will  not  be  less 
than  about  8 to  10  inches  per  }"ear  over  the  entire  catchment  area. 
A runoff  of  12  inches  per  year  would  give  a mean  discharge  of 
234,300  cubic  feet  per  second,  or  a discharge  of  0.884  cubic  foot 
{ter  second  per  square  mile.  A mean  discharge  of  300,000  cubic 


1 Report  of  U.  S.  Deep  Waterwaj’s  Commission,  1897,  p.  152. 
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feet  per  second,  as  measured  by  tlie  Lake  Survey,  gives  1.13  cubic 
feet  per  second  per  square  mile.  ! 

These  figmres  are  for  the  minimum  discharge — for  years,  or 
cycles  of  years,  of  average  rainfall,  the  runoff  will  be  more. 

RUNOFF  OF  OTHER  STREAMS  OF  NEW  YORK 

Aside  from  Niagara  river,  comparatively  little  definite  informa- 
tion as  to  the  runoff  of  streams  in  New  York  was  available  before 
1898.  Rather  singularly,  aside  from  gagings  made  by  John  B. 
Jervis  in  1835  of  Madison  and  Eaton  brooks,  the  State  of  New 
York  had  never  made  any  gagings,  although  one  might  suppose 
that  in  view"  of  its  development  of  an  extensive  canal  system 
earlier  than  this  it  wmuld  have  investigated  this  important  branch 
of  hydrology.  The  few^  streams  gaged  in  New  York  before  1898 
are  as  follow"s: 

Streams  gaged  before  1898.  Measurements  of  Croton  river  have 
l>een  made  by  the  City  of  New^  York  since  1868.  Measurements  of 
Oatka  creek,  a tributary  of  Genesee  river^  were  made  for  the 
Warsaw  Watei'works  Company  from  April,  1890,  to  November, 
1892.  Genesee  river  at  Mount  Morris  was  also  gaged  from  Sep- 
temlber,  1893,  to  March,  1897,  and  this  stream  has  been  gaged  at 
Rochester  by  the  City  Engineer  from  March,  1893  to  1904.  Genesee 
river  wns  also  gaged  for  a short  time  at  Mount  Morris  in  1890. 
Hemlock  lake,  a tributary  of  Genesee  river,  was  gaged  by  the 
Rochester  Waterworks  for  the  years  1880-1891,  inclusive.  The 
Hudson  river  has  been  measured  at  Mechanlcville  from  October, 
1887,  to  1904.  A record  of  the  water  drained  from  Skaneateles 
lake  has  been  kept  b.y  the  Canal  Department  of  the  State  for  a good 
many  years,  but  precise  measurements  have  only  been  made  since 
^larch,  1895,  at  wdiicli  time  a wnir  wms  established  at  Willow 
Glen,  one  and  one-half  miles  below^  the  foot  of  the  lake.  These 
measurements  have  been  made  by  the  city  of  Syracuse.  The  Nor- 
nianskill,  flowing  into  the  Hudson  river  at  Kenwood,  was  gaged 
at  French  Mills  by  the  Water  Department  of  Albany,  from  June 
1,  to  December  1,  1891.  Kinderhook  creek  was  also  gaged  by  the 
Albany  Water  Department  at  East  Nassau  and  at  Wilson’s  dam 
from  July,  1893,  until  December,  1894.  Quackenkill  creek  was 
gaged  by  the  Troy  Water  Department  from  January  to  December, 
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1894.  The  west  branch  of  Canadawaj  creek  at  Fredonia  was 
gaged  from  July  18  to  Septeimber  2,  1883,  and  Morris  lain,  a tribu- 
tary’ of  Oatka  creek,  from  July  4 to  Decemiber  26,  1894.  Gibson’s 
creek,  another  tributary  of  Oatka  creek,  was  also  ga.ged  from  Sep- 
tember 20,1894,  to  June  21, 1895.  During  the  autumns  of  1856  and 
1857  gagings  were  made  of  the  following  streaans  on  Long  Island, 
which  are  now  a part  of  the  Brooklyn  wmter  supply,  in  order  to 
obtain  the  minimum  deliver}":  Hempstead,  Rockville,  Valley, 
Clear,  Brookfield,  Springfield  and  Jamaica  brooks. 

Possibly  there  are  other  measurements  for  short  periods  in  the 
State  of  New  Yoa’k  which  have  not  been  made  public,  but  so  far 
as  the  writer  can  learn  the  foregoing  include  all  the  systemEutic 
measurements  of  streams  made  in  the  State  previous  to  1898, 
except  those  by  John  B.  Jervis,  of  ^ladison  and  Eaton  brooks, 
made  in  1835,  the  results  of  which  are  presented  in  Mr.  Jervis’ 
report  for  that  year  to  the  Canal  Commissioners.  The  broad 
proposition  is  therefore  true  that  previous  to  1898  the  data  for 
computing  runoff  of  streams  based  on  careful  measurements  of 
the  same  were  limited  in  the  State  of  New  York. 

Rainfall  records,  however,  were  more  common,  and  engineei’-s 
were  in  the  habit  of  assuming  that  about  50  per  cent  of  the  rain- 
fall would  appear  as  runoff  in  the  streams.  How  far  from  true 
this  is  may  be  seen  by  inspecting  the  tables  on  the  following 
pages.  There  was  absolutely  no  preception  of  the  fact  that  in  the 
State  of  New  York  streams  vary  from  a minimum  runoff  of  2 to  4 
inches  to  10  to  12  inches,  and  that  average  runoffs  of  from  8 to  10 
inches  to  20  to  25  inches  are  common. 

Probably  no  one  mistake  of  engineers  has  been  more  far-reach- 
ing than  this.  The  great  bulk  of  the  earlier  water  supplies 
throughout  the  State  are  insufficient;  power  projects  have  been 
overestimated,  and  while  there  is  no  way  of  stating  the  amount 
of  damage  done,  it  may  be  easily  assumed  to  rise  to  several  mil- 
lion dollars.  This  oversight  is  purely  one  of  the  engineering  pro- 
fession, and  the  same  kind  of  an  oversight  is  taking  place  in 
many  other  states,  in  1904.  Indeed,  comparatively  few  engineers 
fully  realize  the  significance  of  gagings. 

Streams  gaged  for  Board  of  Engineers  on  Deep  Waterioays.  In^ 
1898  the  writer  undertook  an  investigation  for  the  Board  of  Engi- 
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neers  on  Deep  Waterways  as  to  possibilities  of  water  supply  for 
enlarged  canals  through  the  State  of  Ne^v  York.  The  scope  of  this 
investigation  was  exceedingly  broad.  It  showed  that  a water 
supply  of  from  1200  to  1000  cubic  feet  per  second  would  be  re- 
quired for  the  proposed  canal.  This  water,  it  was  also  found, 
must  be  drawn  from  some  stream  whose  headAvaters  lay  in  the 


Adirondack  plateau,  which,  so  far  as  precise  information  in  re- 
gard to  its  Avater  resources  was  concerned,  was  practically  an 
unknoAvn  land.  In  order  to  gain  information  as  to  the  water 


yielding  possibilities  of  the  region,  its  flood  floAvs,  etc.  the  follow- 


ing gaging  stations  Avere  established : 


stream 

1.  Seneca  river 

2.  Oswego  river 

3.  Chittenango  creek 

4.  Oneida  creek 

6.  Wood  creek 

C.  W.  Branch  Pish  creek.. 

7.  E.  Branch  Fish  creek... 

8.  Salmon  river 

9.  Mohawk  river 

10.  Nine  mile  creek 

11.  Oriskany  creek 

12.  Oriskany  creek 

13.  Sauquoit  creek 

14.  W.  Canada  creek 

15.  Mohawk  river 

16.  B.  Canada  creek 

17.  Garoga  creek 

18.  Cayaduttacreek 

19.  Schoharie  creek 

20.  Mohawk  river 

21.  Hudson  river 

22.  Hudson  river 

23.  Schroon  river 

24.  Black  river 


Gaging  station 

Baldwinsville  

Fulton  

Bridgeport  

Kenwood  

Near  mouth 

McConnellsville  ^ 

Above  Point  Rock 

About  one  mile  above  falls. , 

Ridge  Mills 

One  mile  below  Stittsville. . 

State  dam,  Oriskany 

Coleman  

New  York  Mills 

Middleville  

Little  Falls 

Dolgeville  

Three  miles  above  mouth.. 

Below  Johnstown 

State  dam,  Fort  Hunter 

Rexford  Plats 

Mechanicville  

Port  Edward 

Warrensburg  

Iluntingtonville  


Catchment 

area. 

County  square  miles 

Onondaga  3,103 

Oswego  4,915 

Madison  307 

Madison  59 

Oneida  127 

Oneida  187 

Oneida  104 

Oswego  191 

Oneida  153 

Oneida  63 

Oneida  144 

Oneida  141 

Oneida  52 

Herkimer  519 

Herkimer  1,306 

Herkimer  256 

Montgomery  81 

Pulton  40 

Montgomery  947 

Saratoga  3,385 

Saratoga  4,500 

Saratoga  2,800 

Warren  563 

Jefferson  *1,889 


Of  the  foregoing  stations,  those  on  Hudson  river  at  Mechanic- 
ville, Hudson  riA^er  at  Fort  EdAvard,  and  Schroon  river  at  War- 
rensbiirg  had  been  established,  in  1895,  in  connection  with  the 
Upper  Hudson  storage  surveys.  The  station  on  Black  river  at 
Huntingdonville  had  been  established  in  March,  1897,  by  the 
WatertoAvn  Waterworks,  tlie  data  of  Avhich  were  furnished  by  the 
Board  of  Water  Commissioners  of  the  city  of  Watertown.  Aside 
from  these  four  stations,  the  foregoing  were  established  in  1898 
in  connection  with  the  deep  waterways  work. 

Streams  gaged  hy  United  States  Geological  Survey.  The  follow- 
ing is  a list  of  the  stations  in  NeAV  York  State  where  gagings  were 

*Some  of  these  areas  are  approximate  only,  due  to  the  inaccuracy  of 
available  maps. 
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kept  in  1902  together  with  a few  at  which  gagings  were  not  kept. 
Those  at  which  gagings  were  not  kept  are  marked  thus  +. 


stream 

1.  Beaver  river 

2.  Black  river 

3.  Black  river 

4.  Black  river 

B.  By  ram  river,  W.  branch 
G.  Catskill  creek 

7.  Cayadutta  creek 

8.  Chenango  river 

9.  Chittenango  creek+ 

10.  Chittenango  creek 

11.  Croton  river 

12.  Delaware  river 

13.  H Branch  Delaware  R.. 

14.  W.  Branch  Delaware  H. 

15.  P^ast  Canada  creek 

16.  Esopus  creek 

17.  Fishkill  creek 

18.  W.  Branch  Fish  creek.. 

19.  Genesee  river 

20.  Iloneoye  creek 

21.  Hudson  river 

22.  Hudson  river 

23.  Indian  river 

24.  Kinderhook  creek+ 

25.  Kinderhook  creek-j- 

26.  Lake  Champlain  outlet. 

27.  Mianus  river 

28.  Mohawk  river 

29.  IMohawk  river 

30.  Mohawk  river 

31.  Mohawk  river 

32.  Mohawk  river 

33.  Mohawk  river 

34.  ^loose  river 

.35.  Neversink  river 

■.K).  Normanskill  

37.  Oneida  creek 

38.  Oneida  river 

39.  Oneida  river 

40.  Oriskany  creek 

41.  Oswego  river 

42.  Oswego  river 

43.  Oswego  river 

44.  Quackenkill  creek 

45.  Raquette  river 

46.  Reels  creek 

47.  Richelieu  river 

48.  Rondout  creek 

49.  Rondout  creek 

.50.  Sauquoit  creek 

.51.  Salmon  river 

62.  Seneca  river 

53.  Schoharie  creek 

.54,  Schoharie  creek 

.55.  Schoharie  creek 

56.  Schoharie  creek 

57.  Schroon  river... 

.58.  Skaneateles  outlet 

.59.  Susquehanna  river 

60.  Ten  Mile  river 

61.  Wallkill  river 

62.  West  Canada  creek 


Gaging  station 

Tisse's  Bridge 

Felt’s  Mills 

Huntingtonville  dam 

Watertown  

1‘ortchester  

South  Cairo... 

.Johnstown  

Binghamton  

Bridgeport  

Chittenango  

Croton  dam  (old) 

Port  .Tervis 

Hancock  

Hancock  

Dolgeville  

Kingston  

Glenham  

McConnellsville  

Rochester  

East  Rush 

Fort  Edward 

Mechanicville  

Indian  I.ake  dam 

East  Nassau 

Wilson’s  dam 

Fort  Montgomery 

Bedford  

Dunsbach  Ferry 

Little  Falls 

Rexford  Flats 

Ridge  Mills 

Schenectady  

Utica  

Moose  river 

T’ort  .Tervis 

French's  Mill 

Kenwood  

Brewer  ton  

Oak  Orchard 

Oriskany  State  dam 

Fulton  

High  dam 

Minetto  

<)uackenkill  

Hannawa  Falls 

TTtica  

I'^ort  Montgomery 

Honk  brails 

Rosendale  

New  York  Mills 

Pulaski  

Baldwinsville  

Fort  Hunter  dam 

Mill  Point 

Prattsville  

Schoharie  Falls 

Warrensburg  

Willow  Glen 

Binghamton  

Dover  Plains 

New  Paltz 

Twin  Rock  bridge 


County 

Catchment 

area, 

square  miles 

Lewis  

.Tefferson  

.Jefferson  

1,889 

.Tefferson  

1,892 

Westchester  . 

Greene  



Fulton  

Broome  

1,582 

Madison  

Madison  

Westchester  . 

339 

Orange  

3,600 

Delaware  

919 

Delaware  

Herkimer  

256 

Ulster  

312 

Dutchess  

198 

Oneida  

187 

Monroe  

*2,365 

Monroe  

. . 

Saratoga  

2,800 

Sara  toga  

4,500 

Hamilton  

146 

Rensselaer  ... 

121 

Rensselaer  ... 

68 

(''linton  

7,750 

Westchester  . 

- . . 

Saratoga  

3,440 

Herkimer  

1,306 

Saratoga  

3,385 

Oneida  

153 

Schenectady  . 

3,321 

Oneida  

500 

Lewis  

.346 

Oi-auge  

346 

Albany  

Ill 

Madison  

59 

Onondaga  



Onondaga  — 

1,.313 

Oneida  

144 

Oswego  

4,916 

Oswego  

Oswego  

4,990 

Rensselaer  ... 

19 

St.  Ijawrence. 

967 

Oneida  



Clinton 

7,750 

Ulster  

88 

TTlster  

365 

Oneida  

52 

Oswego  

264 

Onondaga  

3,103 

Montgomery  . 

947 

Montgomery  . 

934 

Greene  

243 

Montgomery  . 

930 

AVarren  

563 

Onondaga  

74 

Broome  

3,982 

Dutchess  

195 

TTlster  

7.36 

Oneida  

352 

Methods  of  gaging  pursued.  The  method  of  gaging  pursued  at 
these  several  stations  varies  considerahly.  At  one  or  two  small 
stations  sharp-crested  weirs  are  used;  at  other  places  the  flow  is 
gaged  over  dams,  while  at  a number  of  stations  the  current  meter 


This  does  not  include  the  catchment  of  Hemlock  lake  of  43  square  miles. 


Plate  5. 


General  view  of  hydraulic  laboratory  of  Cornell  university. 
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is  employed.  Gagings  are  also  sometimes  made  l)y  the  use  of 
floats,  but  so  far  as  New  York  streams  are  concerned,  the  results 
would  be  so  unsatisfactory  as  to  render  this  method  undesirable. 
It  has  also  been  attempted  to  gage  the  How  of  the  Mohawk  river 
by  velocity  and  slope  measurements,  but  thus  far  the  results  are 
not  satisfactory. 

The  method  of  gaging  streams  by  the  use  of  the  current  meter 
has  some  advocates  who  consider  it  superior  to  any  other.  Prob- 
ably the  reason  for  such  an  opinion  is  that  tests  of  a current 
meter  in  uniform  masonry  or  concrete  channels,  where  the  condi- 
tions are  the  most  favorable  possible  to  obtain,  have  shown  fairly 
accurate  results ; but  in  a shallow  stream,  flowing  over  a boulder 
bed,  the  conditions  are  so  different  as  to  make  rational  compari- 
son impossible.  The  current  meter  is  indeed  only  really  useful 
when  the  following  conditions  obtain: 

1)  A smooth,  unifom  channel  for  a considerable  distance  on 
either  side  of  the  point  selected. 

2)  Considerable  depth  at  the  point  selected  and  for  several 
hundred  feet  to  either  side. 

3)  Smooth  bottom  of  either  fine  sand,  hard  earth  or  very  fine 
gravel. 

4)  That  the  current  be  positive  and  of  some  little  velocity 
throughout  the  whole  section. 

Nevi"  York  streams  as  a wTole  do  not,  except  rarely,  answer  to 
these  conditions.  They  are  usually  shallow,  rapid  flowing  in 
places,  and  frequently  encuanibered  Tvith  boulders.  Current  meter 
observation  may  be  at  times  from  100  per  cent  to  200  per  cent  in 
error.  Broadly,  we  may  say  therefore  that  where  a good  dam 
exists  on  a stream  the  gagings  should  preferably  be  first  of  all 
made  at  this  point.  Or,  if  there  is  money  available,  a special 
weir  may  be  erected.  Failing  in  either  of  these  the  current  meter 
is  a proper  instrument,  with  due  understanding  of  the  limita- 
tions indicated  in  the  foregoing. 

Streams  discussed  in  this  report.  It  is  impossible  to  give  in  the 
following  discussion  the  measurements  of  all  the  streams  now 
being  gaged  in  the  S-tate  of  New  Y^ork,  and  accordingly  a number 
of  the  more  important  have  been  selected  for  which  the  records 
will  be  given.  The  detail  of  the  balance  may  be  obtained  from  the 
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Annual  Reports  of  the  State  Engineer  and  Surveyor.  The  follow- 
ing are  the  streams  discussed  in  this  connection: 


Of  the  foregoing,  Hemlock  lake  has  been  gaged  by  weir  and 
measurements  of  the  amount  flowing  through  the  conduit  leading 
therefrom  to  the  city  of  Rochester;  Skaneateles  outlet  has  been 
gaged  by  weir  and  the  amount  flowing  through  conduit;  Lake 
Champlain  outlet  by  rating  curve,  and  Eaton  and  Madison  brooks 
by  weir.  Tlie  balance  of  the  streams  have  been  gaged  by  measure- 
ments over  dams,  in  accordance  Avith  the  method  described  (1) 
in  the  Report  to  the  Board  of  Engineers  on  Deep  Waterways; 
and  (2)  in  the  paper  On  the  Flow  of  Water  Over  Dams. 

Gagings  over  dams  and  through  ivatcr  wheels.  Before  proceed- 
ing to  describe  these  gagings  Ave  Avill  consider  somewhat  tljc 
methods  used.  ScA^eral  of  these  gaging  stations,  as  at  BaldAvins- 
vdlle.  High  dam.  Little  Falls,  Middlevilie,  Dolgeville,  etc.  have  ex- 
tensiA^e  poAver  developments,  Avith  large  (juantities  of  water  pass- 
ing through  turbine  Avater  Avheels  for  either  the  whole  or  a por- 
tion of  each  day.  The  dams  at  these  places  vary  greatly  in  type 
form.  Hardly  any  two  cross-sections  are  alike,  although  some 
of  them  conform  generally  to  certain  types.  Many  of  them  have 
considerable  irregularity  in  the  crests  longitudinally.  The 
method  of  treatment  in  order  to  obtain  approximately  correct 
results  becomes,  therefore,  a matter  of  difficulty.  In  some 
cases,  as  on  West  Canada  creek,  Avhere  the  crest  was  A^ery  irregu- 
lar, a small  amount  of  AA^ork  lias  been  done  in  the  Avay  of  leveling 
it.  Generally,  however,  the  crests  Avere  left  in  nearly  the  same 
condition  as  found.  A profile  was  carefully  taken  and  the  crest 
divided  into  a series  of  approximately  leA^el  sections  for  coiii])u- 
tation.  A gaging  blank  AA^as  furnished  the  gage  readers,  with 
columns  for  entering  depth  on  crest  of  dam,  and  number  of 
water  wheels  used,  size  of  same,  name  of  manufacturer  and  daily 


Genesee  river. 
Oatka  creek. 
Hemlock  lake, 
Oswego  river. 
Seneca  river. 
Skaneateles  outlet. 
Chittenango  creek. 
Black  river. 


Hudson  river. 

Croton  river. 
Moliawk  river. 

East  Canada  creek. 
AA^est  Canada  creek. 
Sauquoit  creek. 
Oriskany  creek. 
Schroou  rivei-. 


Richelieu  river— Outlet  of  Lake  Champlain. 
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Experiment  on  model  of  Rexford  Flats  dam  at  Cornell  nniversity,  .Tone  1S99. 
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ruij_,  working  head  on  wheels,  readings  of  head-race  and  tail-race 
gages,  and  other  information  necessary  for  keeping  an  accurate 
account  of  the  water  passing  over  the  crest  in  24  hours,  as  well 
as  through  water  wheels  for  the  same  period.  Gage  readers  were 
employed  to  take  these  readings  twice  each  day. 

In  order  to  obtain  flows  through  water  wheels,  recourse  was 
had  to  records  of  the  test  flume  of  the  Holyoke  Water  I’ower  Com- 
pany of  Holyoke,  Mass.,  where  the  principal  wheels  now  in  com- 
mon use  in  New  York  State  have,  at  one  time  or  another,  been 
tested.  On  requesting  a record  of  such  tests,  as  applying  .to 
wheels  at  the  several  gaging  stations,  the  Holyoke  Water  Power 
Gompany  responded  that  they  would  furnish  the  records  under 
the  condition  that  they  be  not  published  unless  the  consent  of 
parties  for  whom  the  wheels  had  been  tested  were  first  obtained. 
This  condition  being  assented  to,  information  was  furnished  as 
to  tests  of  the  principal  wheels  in  use,  giving  proportional  part 
of  opening  of  speed  gate  for  various  conditions  of  tests,  revolu- 
tions of  wheel,  quantity  of  water  discharged,  power  developed, 
efficiency,  etc.  From  these  records,  wheel-discharge  curves  have 
been  prepared  for  the  water  wheels  in  use  at  each  dam.  By  the 
use  of  such  curves,  derived  from  actual  tests,  it  is  believed  that 
the  discharges  through  turbine  Avater  wheels  at  the  various  gaging 
stations  have  been  computed  with  a A^ery  high  degree  of  accuracy. 
Under  these  conditions  turbine  AAmter  wheels  become  in  effect 
efficient  water  meters.  In  a few  cases,  Avhere  there  were  no  tests 
applying,  the  discharges  as  per  manufacturers’  tables  have  been 
used.  The  writer’s  thanks  are  due  to  the  Holyoke  Water  PoAver 
Gompany  for  the  courtesy  of  furnishing  these  useful  data. 

The  work  of  Henry  Bazin.  In  order  to  apply  the  results  of 
these  gagings,  the  AAmrk  of  Henry  Bazin,  Inspecteur  General  des 
Fonts  et  Ghaussees,  which  may  be  found  in  Annates  des  Fonts  et 
Chaussees,  for  the  years  1888,  1890,  1891,  1894,  1896  and  1898,  is 
used.  In  these  papers  Bazin  has  determined  coefficients  for  a large 
number  of  cases,  not  only  of  crests  of  different  widths,  but  Avith 
varying  front  and  rear  slopes,  as  Avell  as  for  curA^ed  profiles. 
Indeed,  taking  into  account  the  backAvard  state  of  knoAvledge  of 
flow  OA^er  weirs,  his  work  is  in  many  respects  revolutionary. 


330 


NEW  YORK  STATE  MUSEUM 


lu  the  begiuning  of  liis  first  paper  Eaziu  remarks  that  the  the- 
ory of  the  weir  is  the  least  advanced  of  all  branches  of  hydraulics. 
The  coefficients  used  in  practice  vary  between  such  wide  limits 
that  in  most  cases  we  are  unable  to  make  a rational  selection 
from  the  many  numerical  values  assigned  to  them. 

The  problem,  he  says,  is  in  fact  a complicated  one,  being  con- 
nected on  the  one  hand  with  the  theory  of  flow  through  orifices 
and  on  the  other  with  that  of  open  channels.  The  value  of  the 
coefficients  in  each  case  is  influenced  by  many  elements.  Thus 
we  ought  to  consider : 

1)  The  velocity  of  approach;  that  is,  the  velocity  with  which 
the  upstream  Avater  reaches  the  Aveir,  the  effect  of  Avhich  can  not 
be  neglected  in  weirs  of  small  bight, 

2)  The  contraction  of  the  vertical  section  of  the  stream  at  the 
Aveir,  the  amount  depending  upon  (he  bight  of  the  Aveir  and  (he 
form  of  the  crest. 

3)  The  lateral  contraction  which,  though  unimportant  in  Aveirs 
of  great  length,  seriously  modifies  the  results  in  shorter  weirs. 

As  a further  condition,  Bazin  points  out  that  when  the  down- 
stream channel  has  a Avidth  of  the  lenglli  of  the  Aveir,  so  that  the 
overflowing  sheet  of  Avater,  or  nappe,  touches  at  the  sides,  thus 
preventing  free  admission  of  air  under  the  nappe,  there  occur 
special  ])henonieua  greatly  affecting  the  floAv.^ 

Bazin’s  method  of  experimentation  may  be  referred  to  briefly. 
A standard  Aveir  was  set  up  at  the  head  of  a long  chamber,  in 
Avhich  the  actual  A^olume  ])assing  over  Avas  measured  a sufficient 
number  of  times  to  giAe  averages,  Avhich  Bazin  considers  are 
accurate  to  Avilhin  probably  less  than  1 per  cent.  Having  estab- 
lished in  this  Avay  the  values  of  the  coefficients  for  a standard 
Aveir,  Avith  heads  varying  from  about  0.1G4  ft.  to  1.969  ft.,  the 
experiments  on  Aveirs  of  irregular  profiles  Avere  made  by  placing 

1 Bazin’s  earlier  papers  are  directed  specially  to  a detailed  in\^estigation 
of  these  seA’eral  points.  Space  will  not  be  taken  here  to  describe  his  experi- 
ments in  detail.  The  original  data  may  be  found  in  the  Annales  des  Fonts  ct 
Chaiissces  for  the  years  already  cited.  A translation  of  the  earlier  num- 
bers has  also  been  made  by  Messrs.  Arthur  Marichal  and  John  C.  Traut- 
wine  Jr.,  and  may  be  found  in  the  Proceedings  of  the  Engineers’  Club  of 
Philadelphia  for  .Tanuary,  ISOO ; July,  1S02 ; October,  1892,  and  April,  1803. 
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Another  view  of  the  hydraulic  laboratory  at  Cornell  university. 
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each  exj)eriiiiental  weir  Ixhow  tlie  standard  weir,  and  observing 
the  heads  synchronously  on  eacli.  In  these  experiinenfs  a steady 
current  was  established  in  the  channel,  and  observations  of  the 
knoAvn  value  passing  over  the  standard  weir  were  made,  wliich 
volume  also  passed  over  the  weir  under  investigation,  lower  down. 

If  we  let  H and  h denote,  respectively,  the  head  upon  the 
standard  weir  and  upon  the  loAver  weir,  L and  I,  their  correspond- 
ing lengths,  and  M and  m,  the  coefticients  of  discharge,  and  then, 
adopting  provisionally  Formula  (1)  for  the  standard  w^eir— 


Q = MLII  sj'ig  IT; 

and  similarly  for  the  lOAver  w^eir 

Q ~ ml  h 2g  h 

...  (33) 

Equating  these  tw^o  values  of  Q,  we  have 

MLH ■./  H s,/ <ig  = 

- ml  h ^ h ^ 2^,  or 

ML  IP  ■=.  m 1 if 

from  W'hich  we  deduce  the  value  of  m: 

II 

1 )' 

(34) 

or,  conversely  : J/  = m 

1 ^ (i-y 

(35) 

As  already  stated,  Bazin’s  preliminary  gaging  opei^ations  gave, 
once  for  all,  the  coefficient  M for  the  standard  Aveir  for  each 

\alue  of  H.  The  ratio  wdiich  is  very  nearly  unity,  remained 
constant  for  all  experiments  of  any  one  series,  and,  therefore,  we 
have  only  to  measure  the  heads  H and  li  in  order  to  obtain' the 
coefiQcient 

A description  of  the  method  of  gaging  pursued  on  the  several 
streams  is  not  given  at  length  here  because  it  may  be  found  in 
full  detail  in  the  places  cited,  namely,  in  the  Report  to  the  Board 
of  Engineers  on  Deep  Waterways  and  in  the  paper  On  the  Flow 
of  Water  Over  Dams,  to  either  of  wdiich  reference  may  be  made. 

Discharge  measurements  of  Genesee  river.  The  runoff  data  of 
Genesee  river  for  the  Avater  years  1890-1898,  inclusive,  in  inches 
on  the  catchment  area,  have  been  given  in  table  No.  43.  The 

220^398^^^  Over  Dams,  Trans.  Am.  Soc.  C.  E.,  Vol.  XLIV,  pp. 
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runoff  in  cubic  feet  per  second  is  given  in  table  No.  46.  Runoff 
of  Genesee  River  at  Mount  Morris  for  the  water  years  1890-1898, 
inclusive,  in  cubic  feet  per  second  per  square  mile  is  given  in 
table  No.  47. 


Table  No,  46 — Runoff  of  Genesee  river  at  Mount  Morris  for  the  water 
YEARS,  1890-1898,  INCLUSIVE 
(Catchment  area  = 1070  square  miles) 


In  Cubic  Feet  Per  Second 


MONTH 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

Mean 

(1) 

(3) 

(3) 

(4) 

(5) 

(6) 

(^) 

(8) 

(9) 

(10) 

(11) 

December 

888 

965'l,346'2,170 

568 

1,226 

733 

882 

January 

2, 393 

724  1 810'l.297 

604 

436 

724 

1,810 

February 

3,474 

1.6241.325 

884 

224 

907 

812 

1,900 

^ larch 

2,663 

1,803  2,144  3,074 

1,803 

2,786 

2,459 

2,552 

April 

2, 046 

1,312 

2,119  2,39713,245 

1,927 

3,245 

1,256 

1,582 

"May 

2,895 

579 

1.624  2.413  4.108 

174 

157 

919 

1,160 

’ 1 

Mean  of  storage 

1 

1 

period 

1,860 

1,471 

1,913  2,485 

889|1,456 

1,150 

1,644 

1,609 

June 

1,794 

425 

1,352 

336'1 . 050 

128 

374 

422 

767 

July 

1,776 

347 

1,912 

278 

132 

105 

226 

427 

418 

August 

270 

232 

1,327 

i 325 

200 

115 

188 

408 

742 

1 

Mean  of  growing 

period 

1,280 

334 

1,532 

313 

454 

116 

261 

419 

641 

509 

September 

1,274 

425 

230 

310l  888 

100 

148 

173 

464 

October 

2,084 

232 

306 

373!  407 

104 

1,664 

167 

724 

November 

2,007 

386 

547 

518  782 

449 

j 782 

355 

1,342 

Mean  of  replenish- 

! 

ing  period 

1,788 

346 

360 

402 

689 

216 

1 873 

231 

842 

495. 

Yearly  mean. . . 

1,098 

1,210 

1,133 

1,525 

1 

526 

il,011 

737 

1,191 

1,054 

Plate  8, 


Catchment  area  of  Genesee  river, 
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''rABLE  No.  47 — Runoff  of  Genesee  bivee  at  Mount  Morris  for  the  water 
YEARS,  1890-1898,  INCLUSIVE 
(Catchment  area  = 1070  square  miles) 


In  Cubic  Feet  Per  Second  Per  Square  Mile 


MONTH 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

Mean 

(1) 

(3) 

(3) 

(4) 

(5) 

(6) 

(D 

(8) 

(9) 

(10) 

(H) 

Hp.uftmhfii* 

0.83 

0.90 

1.26 

2.03 

0.53 

1.15 

0.69 

0.82 

.Tarmary 

2.24 

0.68 

1.70 

1.21 

0.56 

0.41 

0.68 

1.69 

Fahriiary 

3.25 

1.52 

1.24 

0.83 

0.21 

0.85 

0.76 

1.78 

March 

2.49 

1.68 

2.00 

2.87 

1.69 

2.60 

2.30 

2.39 

April 

1.91 

1.23 

1.98 

2.24 

3.03 

1.80' 

3.03 

1.17 

1.47 

May 

2.71 

0.54 

1.52 

2.26 

3.84 

• 1 

0.16i 

0.15 

0.86 

1.08 

1 

Mean  of  storage 

period 

1.74 

1.87 

1.79 

2.32 

0.83 

1.36 

1.07 

1.64 

1 

1.50 

June 

1.68 

0.40 

1.26 

0.31 

0.98 

0.12 

0.35 

0.39 

' 0.72 

July 

1.66 

0.32 

1.79 

0.26 

0.12 

0.10 

0.21 

0.40 

0.39 

August 

0.25 

1 0.22 

1.15 

0.30 

0.19 

0.11 

0.18 

0.38 

0.69 

Mean  of  growing 

period 

1.20 

0.31 

1.43 

0.29 

0.42 

0.11 

0.25 

0.39 

0.60 

0.48 

September 

1.19 

0.40 

0.21 

0.30 

0.83 

0 09 

0.14 

0.16 

0.43 

October 

1.95 

0.22 

0.28 

0.35 

0.38 

0.10 

1.56 

0.16 

0.68 

November 

1.88 

0.36 

0.51 

0.48 

0.73 

0.42 

0.73 

0.33 

1.75 

Mean  of  replenish- 

! 

1 

ing  period 

1.67 

0.32 

0.34 

0.38 

0.64 

0.20 

0.82 

0.22 

0.79 

0.46 

Yearly  mean. . . 

1.03 

1.13 

1.06 

1.43 

0.49 

0.94 

0.69 

1.11 

0.99 

This  record  of  Genesee  river  is  made  up  as  follows : From  April, 
1890,  to  November,  1892,  actual  gagings  of  Oatka  creek,  above 
the  village  of  Warsaw,  with  a catchment  area  of  27.5  square  miles, 
have  been  used.  From  December,  1892,  to  August,  1893,  in- 
clusive, gagings  were  not  kept  of  Genesee  river,  and  accordingly 
for  this  period  the  runolf  is  approximately  computed  from  the 
rainfall.  September,  1893,  to  February,  1897,  inclusive,  the 
record  is  that  of  Genesee  river  at  Mount  Morris  (catchment,  1070 
square  miles).  Early  in  March,  1897,  the  dam  over  which  the 
gagings  were  made  was  carried  away  by  a flood  and  the  record 
for  the  balance  of  that  year  and  for  the  year  1898  is  deduced 
from  the  record  at  Rochester  (catchment,  not  including  Hemlock 
lake,  water  supply  of  the  city  of  Rochester,  2365  square  miles) . 

In  1896  a sharp-crested  weir  was  erected  on  Genesee  river  about 
two  and  one-half  miles  above  the  gaging  dam,  where  rock  bottom 
clear  across  the  river  afforded  an  opportunity  for  such  construc- 
tion without  heavy  expense.  This  weir  was  made  perfectly  tight. 
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H=  Ueacl-ou 

7i  = head-on 

Computed  discharge  Computed  discharge 
over  Aveir.  in  cubic  over  dam.  in  cubic 

Percentage.dif- 

eir,  in  feet 

dam,  in  feet 

feet  per  second,  for 
heads  — H 

feet  per  second,  for 
heads  = h 

f eren[ce j in 
discharges 

0) 

12) 

(3) 

U) 

(5) 

0.50 

0.60 

185 

135 

—37.0 

0.70 

0.83 

310 

330 

-i-  6.0 

0.80 

0.90 

450 

445 

— 1.0 

1.02 

1.00 

540 

505 

— 7.0 

1.86 

1.55 

1 325 

1 260 

— 5.0 

2.01 

1.75 

1 490 

1 605 

+10  A) 

2.42 

2.00 

1 965 

2 100 

+ 7.0 

2.65 

2.50 

2 250 

3 230 

+44.0 

3.20 

2.75 

2 990 

3 860 

+29.0 

3.78 

3.00 

3 840 

4 554 

+19.0 

4.37 

3.25 

4 770 

5 280 

+11.0 

4.65f 

3.35f 

5 240 

5 590 

+ 7.0 

In  order  to  correlate  the  measurements  at  the  Hydraulic  Power 
Company’s  dam  with  those  at  the  weir,  observations  were  taken 
at  each  place  as  nearly  cotemporaneously  as  they  could  be  made 
by  a man  going  immediately  from  one  to  the  other.  The  fore- 
going tabulation  gives  some  of  the  heads  actually  observed  at  the 
weir  and  dam,  together  with  the  discharge  over  the  weir  in  com- 
parison with  the  computed  discharge  .over  the  dam,  and  the  per- 
centage dillereiice. 

The  crest  of  the  Mount  Morris  dam  was  quite  irregular,  and  in 
order  to  apply  weir  formulas  an  accurate  profile  was  taken  and 
the  crest  subdivided  into  a number  of  approximately  level  sec- 
tions with  each  section  computed  separately,  advancing  by  0.1  foot 
uj)  to  10  feet.  The  flow  over  the  entire  dam  was  obtained  by 
adding  together  the  sums  of  the  several  sections  at  the  corres- 
ponding hi  gilts  and  tabulating  tliem.  A gage  graduated  to  0.05 
foot  was  erected  on  the  river  bridge  a short  distance  away,  with 
its  zero  level  coinciding  with  the  lowest  point  of  the  dam.  During 
ordinary  stages  of  the  river,  readings  of  tliis  gage  were  taken 
twice  each  day,  but  in  time  of  high  water,  in  order  to  obtain  the 
movement  of  floods  as  accurately  as  possible,  readings  Avere  taken 
several  times  a day.  In  order  to  compute  the  flow  readily  a 
curve  was  projected  from  Avhich,  Avith  tlie  given  gage  liighis,  the 
flows  in  cubic  feet  per  second  could  be  read  off. 


+ Approximate;  taken  from  curve. 
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Wben  tlie  measiireiiieiils  were  first  begun,  it  was  considered 
that  the  formula  Q=1142  was  best  suited  to  the  form  of  the 
dam,  but  after  more  careful  consideration  it  was  apparent  that 
the  results  given  by  this  formula  were  somewhat  in  excess  of 
the  actual  disciiarge,  specially  for  the  low^water  flows.  The 
computed  discharges,  as  shown  by  columns  (3)  and  (4)  of  the  pre- 
ceding tabulation,  are  somewhat  irregular.  This  result  is  due  to 
the  disturbing  effect  of  the  irregular  sections  of  the  crest,  the 
highest  point  of  which  was  2 feet  above  the  lowest. 

Column  (5)  shows  the  percentage  variations  between  the  dis- 
charges as  determined  by  a sharp-crested  weir,  up  to  520(>  cubic 
feet  per  second,  and  the  discharges  computed  by  the  formula. 
For  discharges  beyond  5000  cubic  feet  per  second  the  original 
determination  has  been  used.  An  extension  of  the  plotted  curves 
shows  that  some  little  distance  above  5000  cubic  feet  per  second 
discharge,  the  results  of  the  two  methods  are  substantially  the 
same.  The  two  curves  crossed  at  the  point  of  about  6000  cubic 
feet  per  second  discharge.  For  discharges  above  10,000  or 
15,000  cubic  feet  per  second  there  is  probably  an  error  in  the 
results  of  from  5 to  10  per  cent.  Below  5000  cubic  feet  per 
second  it  is  believed  that  the  results  are  now  accurate  within  a 
few  per  cent.  Francis's  formula,  Q=3.33  L has  been  used 
for  the  weir  computations. 

The  measurements  taken  previously  to  the  construction  of  the 
weir  and  the  rating  of  the  dam,  have  all  been  corrected  to  con- 
form to  the  new  determinations;  hence  all  the  data  of  the 
Genesee  measurements  of  this  table  may  be  considered  as 
accurate  within  the  limits  stated. 

The  original  Genesee  river  data  show  for  a portion  of  the 
range  more  error  than  is  consistent  with  good  work,  and  which 
remained  inexplicable  until  the  experiments  at  Cornell  Univer- 
sity were  carried  out.  These  experiments  showed  that  for  high 
heads  the  tendency  was  to  neutralize  the  differences  at  lower 
heads.  The  flow  of  all  the  weirs,  in  short,  became  sensibly  uni- 
form at  from  5 to  6 feet  depth  and  at  10  feet  depth,  there  will 
be  very  little  difference.^ 

iTeii  feet  depth  on  the  crest  is  not  unusual  in  flood  flows.  In  order  to 
measure  such  flows,  a weir  formula  should  be  worked  out  to  at  least  10  feet 
depth  on  the  crest.  Such  a formula  will  apply  without  more  than  15  per 
cent  to  20  per  cent  error  to  almost  any  form  of  crest. 
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The  preceding  discussion  shows  that  while  the  Genesee  river 
record  is  a composite  one,  nevertheless  it  is  believed  to  be  a 
good  record.  The  reason  for  this  belief  is  largely  founded  on 
the  curve  as  per  fig.ll. 

Gagings  have  also  been  kept  at  :Mount  Morris  from  June  to 
December,  1890,  and  at  Rochester  from  March,  1893,  to  the 
presejit  time,  but  the  gagings  at  Rochester  are  not  very  reliable. 
Possibly  some  method  of  correcting  them  may  be  worked  out  in 
the  future. 

In  table  No.  48,  a comparison  has  been  made  of  the  measure- 
ments at  Rochester  with  those  at  :Mount  Morris  for  the  water 
years  1894-1896,  inclusive. 


Table  No.  48 — Comparison  of  original  and  corrected  record  at  Rochester 
WITH  reduced  record  AT  :>IOUNT  MORRIS  1894  TO  1896,  INCLUSIVE 
[In  cubic  feet  per  second] 


MONTH 

1894 

1895 

1896 

As  per  record 

Corrected 

Estimated  from  meas- 
urements at  Mount  1 
Morris  a 

As  per  record 

Corrected  j 

Estimated  from  meas- 
urements at  Mount 
Morris  a 

As  per  record 

Corrected 

Estimated  from  meas- 
uremeats  at  Mount 
Morris  a 

(1) 

(2) 

(3) 

U) 

(2) 

(3) 

(4) 

(2) 

• (3) 

(4) 

December 

3,914 

' 3,914 

4, 797 

1,459 

1,100 

1,256 

1,839 

1,700 

2,710 

January  

2, 841 

2,811 

2, 867 

1,619 

1,200 

1,335 

1,645 

1,400 

964 

February  

2, 584 

2,584 

1,954 

977 

700 

495 

2,702 

2,702 

2,005 

March 

6,008 

6,008 

6, 794 

4,035 

4,035 

3,985 

3, 725 

3,725 

6, 158 

April 

6, 646 

5,646 

7, 172 

3,083 

3,083 

4, 257 

7,623 

7,623 

7,172 

May 

6, 304 

6,304 

9,080 

1,309 

900 

385 

1,576 

1,300 

347 

Mean  of  storage  ])eriod 

4,576 

4, 576 

5, 477 

2,099 

1,848 

1,958 

3, 181 

3,054 

3,218 

June 

2,951 

2,800 

2, 321 

885 

535 

283 

1,317 

1,000 

654 

.July 

1,055 

792 

292 

645 

390 

232 

854 

645 

501 

August 

973 

732 

442 

600 

400 

254 

585 

440 

416 

Mean  of  growing  period 

1,656 

1,426 

1,003 

728 

440 

256 

977 

692 

522 

September 

1,664 

1,500 

1,963 

407 

250 

221 

324 

240 

327 

October 

1,226 

920 

899 

366 

220 

230 

2,271 

2,000 

3, 667 

November 

1, 782 

1,600 

1,729 

834 

500 

993 

993 

745 

1,728 

Mean  of  replenishing  period 

1, 573 

1,335 

1,523 

534 

333 

478 

1,353 

1,006 

1,926 

V'early  mean 

3,088 

2,978 

3, 370 

1,364 

1,116 

1, 163 

2,174 

1,951 

2,220 

Inches  on  catchment 

19.20 

18.35 

19.38 

8.48 

1 6.41 

1 6.67i  12.48 

' 1 

11.20 

12.80 

a Increased  in  proportion  to  increased  catchment  area  at  Rochester 
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Geologically,  the  catcliiiient  are;i  of  the  Genesee  river  above 
Mount  Morris  lies  in  the  shales,  sandstones,  etc.  of  the  Tortage 
and  Chemung  groups.  Its  extreme  headwaters  south  of  the 
Pennsylvania  line  issue  from  the  Carboniferous.  Generally  the 
soils  throughout  the  whole  basin  are  heavy  and  tenacious,  in- 
clining to  clay.  Their  capacity  for  absorbing  and  retaining 
water  must  therefore  be  considered  small. 

Discharge  measurements  of  Oatka  creek.  The  measurements 
of  Oatka  creek,  referred  to  in  the  preceding^  were  made  at  the 
milldam  in  the  south  part  of  the  village  of  Warsaw,  in  Wyoming 
county.  The  dam  was  new,  practically  tight,  and  well  adapted 
for  securing  accurate  results.  Measurements  were  also  made 
of  the  outflow  of  the  head  raceway  leading  from  the  dam  for 
different  elevations  of  water  on  the  dam,  and  a curve  prepared 
from  which  the  discharge  of  the  raceway  was  read  off  and  added 
to  the  discharge  over  the  dam. 

' The  catchment  area  of  Oatka  creek  above  Warsaw  includes 
27.5  square  miles  of  rolling,  semi-mountainous  country.  The 
valley  of  the  creek  is  deep  cut,  with  numerous  springs  at  the 
headwaters.  The  catchment  is  mostly  deforested  and  in  a high 
state  of  cultivation,  the  soil  inclining  to  clay  for  a considerable 
portion.  Geologically  the  stream  lies  in  the  rocks  of  the  Port- 
age formation,  as  developed  in  western  New  York.  The  runoff 
from  this  area  may  be  taken  as  typical  of  man}^  small  streams 
ill  western  New  Ymrk. 

Discharge  measurements  of  Hemlock  lake.  Measurements  of 
the  runoff  of  the  Hemlock  lake  area  for  the  water  years  1880  to 
1884,  inclusive,  were  made  by  the  Rochester  Waterworks.  Hem- 
lock lake  lies  at  an  elevation  of  896  feet  above  tide,  and  has  a 
length  of  6.5  miles,  with  an  average  width  of  about  0.5  of  a mile. 
The  area  of  the  surface  at  low  water  is  1828  acres.  The  total 
catchment,  including  the  area  of  the  lake,  is  27,554  acres,  or 
about  43  square  miles.  The  shores  are  bold,  and  on  the  east  side 
rise  to  a hight  of  several  hundred  feet  above  the  lake  in  a dis- 
tance of  2 or  3 miles.  At  the  head  of  the  lake  there  is  a swamp 
of  118  acres,  partially  covered  at  high  water. 

The  outflow  of  the  lake  during  the  period  covered  by  the 
measurements  included  in  the  following  table  may  be  considered 
as  having  taken  place  at  three  points:  (1)  At  the  natural  outlet 
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of  the  lake;  (2)  at  an  artiiicial  channel  through  which  water  was 
discharged  at  will  for  the  beneht  of  the  niillers  on  the  outlet; 
and  (3)  through  the  conduit  of  the  Rochester  Waterworks.  The 
runotfs  given  are  the  sums  of  these  several  outgoes.  In  order  to 
determine  the  outflow  of  the  natural  outlet,  a weir  was  con- 
structed and  the  discharge  observed  at  difterent  bights  of  the 
lake  surface.  The  discharge  into  the  artiflcial  channel  was 
through  submerged  oriflces  of  known  dimensions,  and  has  been 
computed  from  standard  formulas  for  the  discharge  of  such  ori- 
fices, tlie  size  of  the  openings  and  the  difference  of  level  of  water 
surfaces  aRove  and  below  being  known. 

The  discharge  of  the  conduit  of  the  Rochester  Waterworks  is 
as  computed  from  standard  formulas  for  discharge  through 
pipes.  Measurements  made  by  the  writer  and  others  during  the 
last  few  years  show  that  the  computed  quantities  passing 
through  the  conduit  were  not  far  from  correct. 


Talle  No.  49 — Water  drawjnt  from  Hemlock  lake  for  tiie  water  years 
1880  TO  18S4,  INCLUSIVE 
[In  Inches  on  the  catchment] 


MONTH 

1880 

1881 

Mean  monthly  eleva- 1 
tion  of  lake  surface 

Rainfall 

Water  drawn 

Rainfall  less  the 

water  drawn 

01 

ts 

Sh 

0) 

p- 

g 

H 

Mean  monthly  eleva- 
tion of  lake  surface 

Rainfall 

Water  drawn 

Rainfall  less  the 

water  drawn 

Temperature 

(1) 

1 

(2)  ; 

(3) 

(4) 

(5) 

(6) 

(2) 

(3) 

(4) 

(5) 

(6) 

December 

—1.67 

1.26 

0.16 

tt3L4 

—1.33 

0.72 

0.49 

27.3 

January 

—0.91 

1.37 

0.15 

a25.5 

—1.47 

2.24 

0.44 

24.7 

February 

—0.11 

1.45 

0.16 

a27.3 

—0.11 

1.08 

0.54 

29.7 

Marnh 

-f0.21 

1.47 

0.15 

031.8 

+1.20 

1.92 

1.73 

39.1 

April  

+0.79 

1.25 

0.15 

045.7 

+1.47 

0.52 

1.24 

45.2 

May 

+0.87 

i 2.08 

0.17 

71.8 

+1.32 

2.23 

1.11 

69.7 

Storage  period 

-0.14 

8.88 

0.94 

7.94 

38.9 

+0.18 

8.71 

5.55 

3.16 

39.3 

June 

+0.45 

1.66 

0.36 

1 

76.5 

+1.08 

3.13 

0.76 

73.9 

July 

—0.15 

1 1.93 

: 0.41 

77.1 

+0.58 

3.71 

0.43 

75.6 

August  

-0.70 

3.46 

0.35 

74.4 

0.95 

0.60 

80.0 

Growing  period 

-0.13 

1 7.05 
1 . 

1.12 

5.93 

76.0 

+0.65 

7.79 

1.69 

6.10 

76.5 

Sfipt.AmtiPr  

—1.13 

' 1.85 

0.31 

69.7 

-0.69 

1.73 

0.35 

77.9 

Ontnbp.r  

-1.57 

; 3.85 

0.31 

53.4 

-0.81 

4.23 

0.33 

59.1 

Nr»vf“uih»ftr  

—1.24 

i 0.86 

1 0.39 

37.1 

—0.71 

1.81 

0.46 

44.8 

Replenishing  period 

-1.31 

; 6.06 

1.01 

5.05 

63.4 

-0.74 

7.77 

1.14 

6.63 

60.6 

Yearly  mean  or  total 

—0.43 

21.99 

1 3.07 

18.92 

61.8 

+0.04 

24.27 

8.38 

15.89|  53.9 

o Interpolated  from  average  of  fifteen  years 
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Table  No.  49  {concluded) 


MONTH 

1882 

1883 

Mean  monthly  eleva- 
tion of  lake  surface 

Rainfall 

Water  drawn 

Rainfall  less  the 

water  drawn 

Temperature 

Mean  monthly  eleva- 
tion of  lake  surface 

Rainfall 

Water  drawn 

Rainfall  less  the 

water  drawn 

Temperature 

(1) 

(3) 

(3) 

(4) 

(5) 

(6) 

(2) 

(3)' 

(4) 

(5) 

(6) 

December 

-0.05 

4.02 

0.66 

39.8 

—1.51 

0.91 

0.19 

31.0 

.Tamiarv 

+1.63 

1.03 

2.04 

29.4 

—1.56 

0.84 

0.21 

25.7 

February 

+1.39 

1.07 

1.40 

37.0 

+0.03 

3.11 

0.28 

30.6 

March 

+1.67 

1.47 

2.82 

! 38.7 

+0.95 

0.90 

0.68 

33.3 

April 

+1.51 

2.49 

1.63 

48.5 

+1.57 

! 2.43 

1.58 

47.8 

Mav 

+1.61 

6.29 

1.74 

57.4 

+1.59 

I 9.54 

2.59 

59.1 

1 

Storage  period 

+1.29 

15.37 

10.19 

5.]8 

41.8 

+0.18 

; 17.73 

5.53 

12.20 

37.9 

June 

+1.45'  2.31 

1.85 

71.9 

+1.38 

1 4.52 

1 1.65 

74.2 

July 

+0.81 

1.42 

0.62 

78.0 

+1.29 

2.13 

1.08 

75.7 

August 

+0.15 

2.17 

0.41 

76.8 

+0.64 

2.86 

0.4;5 

73.7 

Growing  period 

+0.80 

5.90 

2.88 

3.02 

75.6 

+1.10 

9.51 

3.18 

6.33 

74.5 

September 

—0.44 

1.78 

0.43 

69.4 

+0.25 

2.36 

0.21 

65.1 

October 

—0.99 

1.00 

0, 65 

61.4 

+0.07 

1.62 

0.18 

55.7 

November 

—1.38 

1.41 

0.36 

41.8 

+0.17 

2.02 

0.19 

45.1 

Replenishing  period 

1—0.94 

4.19 

1.44 

2.75 

57.5 

+ 0.16 

6.00 

0.58 

5.42 

55.3 

Yearly  mean  or  total 

j+0.61 

25.46 

14.51 

10.95 

54.2 

+0.41 

~^24 

^T29 

23.95 

1 . 61.4 

1884 


MONTH 

Mean 
monthly 
eleva- 
tion of 
lake 
surface 

Rainfall 

AVater 

drawn 

Rainfall  | 
less  the  | 
water  ! 
drawn 

Temper- 

ature 

(1) 

Deeember 

(2) 

(3) 

(4) 

(5)  : 

(6) 

+0.44 

+0.46 

+1.28 

+1.47 

+1.56 

+1.62 

2.01 
■ 1.78 

2.17 

3.18 
2.21 
3.30 

0.54 

1.01 

2.70 

2.71 
1.47 
1.69 

i 

34.0 

24.7 
30.2 
30.5 

42.7 

56.7 

January 

February 

March 

April 

May. 

Storaae  period 

+1.14 

14.65 

10.12 

4.53 

36.5 

June 

+1.01 

+0.58 

+0.27 

2.44 

3.98 

1.08 

1 0.75 

1 0.37 

0.24 

70.4 

68.4 
70.8 

July 

August 

Growing  period 

+0,62 

7.50 

1.36 

6.14 

69.9 

September 

-0.26 

—0.70 

—1.17 

2.24 
' 1.34 

1.01 

0.71 

; 0.20 
0.18 

66.9 
52.3 

38.9 

October 

November 

Replenishing  period 

-0.71 

4.59 

1.09 

3.50 

52.7 

5'earl3"  mean  or  total 

+0.55 

26.74 

12.57 

14.17 

48.9 
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The  catchment  area  of  Hemlock  lake  is,  as  stated,  27,554  acres^ 
and  the  area  of^ the  lake  itself  at  the  elevation  rbO.O  is  1828  acres; 
lienee  the  lake  surface  is  G.G  ]>er  cent  of  tlie  total  catchment  area, 
or  the  catchment  area  is  15.1  times  the  area  of  the  lake  surface. 
On  this  basis  1 inch  on  the  whole  area  is  15.1  inches  on  the  lake. 
Taking  into  account  these  statements,  it  is  clear  that  the  data 
of  the  table  give  approNimately  the  natural  runoff,  although  for 
exact  figures  corrections  for  actual  elevations  of  lake  surface  at 
theibeginning,  as  well  as  at  the  end  of  each  year,  should  be  applied. 
On  this  point  see  the  discussion  on  tlie  minimum  flow  of  Hemlock 
lake. 

Comparison  of  the  runoff  of  Hemlock  lake  with  that  of  the 
river  Thames  in  Emflaml.  Hemlock  lake  may  be  compared  Avith 
the  river  Thames  in  England,  Avhere  somewhat  similar  climatic 
conditions  obtain.  The  catchment  area  of  the  Thames  above  the 
point  of  gaging  is  3789  square  miles,  Avhile  the  catchment  area  of 
Hemlock  lake  is  given  at  43.1  square  miles.  It  is  shoAvn  on  a 
jireceding  page  that  comparison  may  be  legitimately  made  be- 
tween streams  Avith  even  as  great  variation  in  catchment  areas 
as  here  exists.  Accurate  gagings  are  at  hand  of  the  Thames  from 
1883-1891,  inclusiA^e,  from  Avhich  it  appears  that  the  mean  or 
av^erage  rainfall  during  this  j)eriod  Avas  27.01  inches,  and  the  mean 
or  aA^erage  runoff,  8.49  inches,  or  the  runoff  Avas  31  per  cent  of 
the  rainfall.  In  order  to  compare  the  climate  of  the  catchment 
of  the  Thames  Avith  that  of  Hemlock  lake  Ave  inaA"  consider  the 
following; 

The  mean  annual  rainfall  at  Hemlock  lake  for  the  water  years 
1877-1900,  inclusive,  was  27.70  inches;  the  mean  annual  tempera- 
ture for  the  same  years  Avas  50°  Fahr.,  and  the  mean  annual 
eAmporation  for  the  years  189G  to  1903,  at  Mount  Hope  reser- 
Amir,  28  miles  north  of  Hemlock  lake,  Avas  34.55  inches.  The  rain- 
fall of  Hemlock  lake  exceeds  that  of  the  Thames  by  only  0.69 
inch. 

The  mean  eAmporation  from  a Avater  surface  at  Oxford,  Eng- 
land, for  fiA^e  years,  1852-1856,  inclusive,  was  31.01  inches;  the 
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mean  annual  rainfall  at  Oxford  for  the  same  period  was  27.30 
inches,  and  the  mean  annual  temperature,  48.5°  Fahr.  We  have, 
therefore,  3.54  inches  less  mean  annual  evaporation,  as  measured 
in  the  catchment  of  the  Thames,  than  at  Hemlock  lake. 

During  the  ten-^^ear  period,  1893-1902,  inclusive,  the  mean  run- 
off of  the  river  Thamas  was  only  7.29  inches,  instead  of  8.49 
inches,  as  in  the  previous  ten-year  period.  In  consideration  of 
the  shoAving  made  of  the  Ioaa"  runoffs  of  streams  in  the  State  of 
New  York,  it  is  probable  that  when  a complete  computation  of 
the  runoff  of  Hemlock  lake  is  made,  it  Aviil  be  found  to  ibe  some- 
Avhat  less  than  that  of  the  Thames  in  England.^ 

Geologically  the  Hemlock  lake  catchment  is  in  the  Hamilton 
and  Marcellus  shale,  AAuth  the  hills  at  the  sides  rising  to  the  rocks 
of  the  Portage  group. 

Discharge  measurements  of  Oswego  river.  The  following  record 
of  Oswego  ri\^er  is  taken  daily,  Avith  the  exception  of  Sundays  and 
holidays. 

These  gagings  are  made  at  the  State  dam,  three  miles  from 
Lake  Ontario,  with  an  effectiA^e  head  at  the  dam  of  about  32  feet. 
This  dam  is  of  masonry,  AAdth  its  crest  365.5  feet  long.  Flash- 
boards  are  maintained  during  the  greater  part  ?lf  the  year.  In 
estimating  the  floAV,  AAdien  dashboards  are  removed,  a discharge 
curve  has  been  prepared  using  coefficients  in  the  weir  formula, 
as  per  Cornell  experiment  No.  3,  giAmi  in  the  paper  On  the  Flow 
of  Water  Over  Dams. 

It  is  possible  that  the  records  are  somewhat  too  small,  OAAung 
to  leakage  and  settlement  of  the  dam.  A headrace  su]»- 
plies  Avater  to  an  electric-light  plant  and  the  OsAvego  Avater  works 
pumping  station.  There  are  eight  water  wheels  in  use.  The 
amount  of  water  passed  through  these  wheels  varies  from  300 
cubic  feet  per  second  to  about  050  cubic  feet  per  second.  In  the 

1 Discussion  of  the  flow  of  the  river  Thames  from  1883-1892,  may  be 
found  in  (1)  the  Report  on  the  Flow  of  the  Thames,  by  A.  R.  Binnie, 
Chief  Engineer  to  the  London  County  Council — a publication  of  the  Coun- 
cil, 1892;  and  (2)  a Report  on  the  Shrinkage  of  the  Thames  and  Lea,  by 
Maurice  Fitz  Maurice,  Chief  Engineer — ^a  publication  of  the  London 
County  Council,  presented  to  the  Water  Committee  on  February  10,  1903. 
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accoiiipanyiiig  taible  allowance  for  diversion  to  the  Oswego  canal, 
which  is  also  supplied  from  this  dam,  has  not  been  made,  but 
such  diversion  can  not  he  very  large  because  of  the  small  amount 
of  business  on  that  canal  during  the  last  few  years. 

Gagings  of  Os^vego  river  above  Minetto  have  also  been  made 
from  September,  1900,  to  date,  at  which  time  a current  meter 
station  was  established  at  this  point. 

Gagings  were  also  begun  in  1898  at  the  upper  dam  at  Fulton, 
which  is  a welbbuilt  stone  dam  and  has  no  leakage.  The  dam  is 
404.6  feet  in  length,  with  a crest  practically  level.  The  following 
out  shows  the  form  of  this  dam : 

k — 6.0'  — ^ 


Fig-  --  Section  of  dam  at  Fulton. 

Geologically  the  OsAvego  river  lies  in  the  horizon  of  the  Medina 
sandstone  and  Clinton  groups. 

Discharge  measureme^its  of  Seneca  river.  This  station  is 
located  at  the  stone  dam  on  Seneca  river  at  Bald winsvi lie.  The 
outlets  of  Otisco,  Skaneateles  and  Owasco  lakes,  tributaries  of 
Seneca  river,  are  crossed  by  the  Erie  canal  and  a portion  of  their 
flow  intercepted  for  the  supply  of  this  canal.  The  chief  supply 
for  the  Erie  canal  to  Montezuma  marsh  is  from  Lake  Erie  and 
Lake  Erie  Avater  is  discharged  into  Seneca  river  and  thus  returned 
through  the  OsAvego  river  to  Lake  Ontario.  It  is  uncertain,  there- 
fore, whether  the  abstraction  from  Otisco,  Skaneateles  and 
Owasco  lakes  is  very  material,  as  the  amount  discharged  in  Seneca 
river  varies  and  has  never  been  closely  measured. 

The  upper  reaches  of  Seneca  river  are  canalized,  forming  the 
Cayuga  and  Seneca  canal,  while  the  portion  below  Baldwinsville, 


Table  No.  50 — Rl^'off  of  Oswego  river  at  high  daai  for  the  water  years  1897-1901,  inclusive 

(Catchment  area  = 5000  square  miles) 
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which  is  deep  and  without  current,  admits  of  slack^water  naviga- 
tion, forming  a part  of  Oswego  canal.  This  canal  enters  at  Mud 
lock,  five  miles  below  Baldwiusville.  There  is  also  a towpath 
along  Seneca  river,  admitting  of  the  passage  of  boats  through  a 
lock  into  and  above  the  dam  at  Baldwinsville.  The  Baldwins- 
ville  pond  is  navigable  for  a few  miles. 

Water  is  diverted  at  Baldwinsville  through  power  canals. 
Power  is  used  at  ten  mills,  having  a total  of  forty  water  wheels. 
Owing  to  leakage  of  the  water  wheels  and  penstocks,  some  diffi- 
e'ulty  has  ibeen  experienced  in  securing  accurate  results  during 
low  water  at  Baldwinsville,  but  in  1901  repairs  were  made  to  a 
number  of  penstocks  and  water  wheels,  considerably  reducing  the 
leakage.  When  this  station  was  originally  established  the  leak- 
age was  taken  at  100  cubic  feet  per  second.  This  quantity  was 
added  to  the  computed  flow  over  the  dam  and  through  the  water 
wheels.  The  following  cut  shows  a section  of  the  dam  on  Seneca 
river  at  Baldwinsville: 


Geologically  the  Seneca  river  lies  in  the  horizon  of  the  Salina 
group,  with  its  tributaries  to  the  south  rising  into  the  lower  and 
upper  Helderberg  and  Hamilton  shales.  The  extreme  headwaters 
are  in  the  Portage  and  Chemung  groups. 

Discharge  measurements  of  Skaneateles  outlet.  The  measure- 
ments of  the  runolf  of  Skaneateles  lake,  as  given  in  table  No.  53, 
hav^e  been  made  by  the  Syracuse  Waterworks  over  a dam  at  the 
foot  of  the  lake,  or  over  a weir  a short  distance  below,  since  Octo- 
ber, 1890,  but  the  record  is  only  given  from  March,  1895. 


Tai?le  No.  51 — Kunoff  of  Seneca  river  at  Baluwinsville  for  the  water  years  181)0-1  inclusive 

(CatclnncMit  area  = 3103  .square  miles) 
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Previous  to  188G  Skaiieateles  lake  was  the  principal  feeder  of 
the  Jordan  level  of  Erie  canal,  hut  in  that  year  Otisco  and  Owasco 
lakes  wer(‘  also  made  feeders.  The  Skaneateles  lake  dam  was 
reconstructed  U feet  high  by  the  State  in  1887,  and  in  1893  was 
again  rebuilt  by  the  Syracuse  Water  Board  with  its  spillway  2 feet 
higher  than  the  crest  of  the  old  dam.  The  following  are  the 
eatchment  areas  of  this  stream : 

Square 


miles 

Land  surface  above  State  dam 60.3 

Water  surface  of  lake 12.3 

Total  catchment  area,  above  foot  of  lake 73.0 

Total  area  above  WIIIotn!^  Glen  Tveir 71.3 

Total  catchment  above  Jordan 93.0 


The  elevation  of  Skaneateles  lake  is  867  feet  plus  tidewater, 
while  that  of  the  outlet  at  the  Erie  canal  crossing,  near  Jordan, 
is  about  400  feet.  The  lake  lies  in  a deep  valley,  with  bold  shores 
rising  several  hundred  feet  at  either  side.  The  figures  given  in 
table  No.  53  do  not  represent  in  any  degree  the  natural  runofC 
of  this  catchment,  but  merely  the  water  yield  during  the  years 
indicated,  in  which  there  was  large  storage. 

In  March,  1895,  the  city  of  Syracuse  began  to  draw  water 
througli  the  new  conduit  to  Skaneateles  lake.  The  results 
given  in  table  No.  53  are  the  quantity  fiowing  in  the  outlet  as 
measured  on  the  weir  located  at  Willow  Glen,  plus  the  outfiow 
through  the  conduit. 

In  table  No.  52  the  mean  monthly  elevations  of  Skaneateles 
lake,  above  and  below  an  arbitrar}^  datum,  as  derived  from  ob- 
servations taken  on  the  first,  eighth,  fifteenth  and  twenty-second 
days  of  each  month,  are  given  for  the  water  years  1890-1901,  in- 
clusive. These  observations  have  been  made  by  gate  keepers  of 
the  Canal  Department  and  are  approximate  merely.  In  the 
original  record  thej^  are  given  to  the  nearest  quarter  of  an  inch, 
while  in  the  present  record  they  have  been  translated  to  feet 
and  tenths— rit  has  not  been  considered  worth  while  to  carry  out 
the  hundredths  of  a foot. 

Geologically,  Skaneateles  lake  catchment  lies  in  the  horizon 
of  the  Hamilton  shales. 


Table  No.  52 — Mean  monthly  elevations  of  Skaneateles  lake,  as  derived  from  observations  taken  on  1st,  Stii,  15tii  and 

22d  day  of  each  month,  for  the  water  years  1890-1901,  inclusive 
(Elevation  above  and  below  an  arbitrary  datum) 
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Discharge  mcasuremenls  of  Cldlienancjo  creek.  Gngings  of 
tins  creek  liave  been  made  at  the  mill-dam  at  Bridgeport,  a short 
distance  above  its  monih.  Gage  readings  were  taken  three 
times  a day,  sliowing  tlie  hight  of  water  abote  crest  of  dam, 
head  on  wheels  and  width  of  gate  openings.  The  dam  is  of  tim- 
ber, backed  with  stone,  and  has  a nearly  level  crest,  215  feet 
long,  with  hood  gates  at  the  ends.  Figure  24  shows  a section 
of  this  dam. 

The  relatively  low  runoff  of  Chittenango  creek  during  the 
summer  months  may  be  attributed  to  the  diversion  of  a portion 
of  the  flow  to  supply  the  Rome  level  of  Erie  canal.  For  this 


Fi^‘.  ‘24  Crojss-hectioii  of  dam  on  Cliittenango  creek  at  Bridgeport 

pui‘])ose  State  dams  are  situated  on  tlie  main  stream  at  Chitte- 
nango and  on  its  two  tributaries,  Limestone  and  Butternut 
creeks.  Cazenovia  lake,  Erieville,  De  Ruyter  and  Jamesville 
reservoirs  are  situated  on  these  streams. 

The  Erieville  reservoir  has  a tributary  catchment  of  5.4  square 
miles.  The  storage  capacity  is  318,425,000  cubic  feet,  and  the 
water  surface  340  acres. 

Cazenovia  lake  has  a tributary  catchment  of  8.7  square  miles. 
The  storage  capacity  is  207,000,000  cubic  feet  and  the  area  of 
water  surface  1.7  square  miles. 

T)e  Ruyter  reservoir  has  a tributary  catchment  area  of  18.5 
square  miles,  which  is  naturally  tributary  to  Tioughnioga  river, 
a tributary  of  Chenango  river.  The  storage  capacity  is  504,500,- 
000  cubic  feet  and  the  area  of  water  surface  626  acres.  The  out- 
flow is  diverted  into  Limestone  creek,  entering  Erie  canal 
through  Fayetteville  feeder. 
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Jamesville  reseryoir  lias  a tributary  catcliment  area  of  46.2 
square  miles.  The  storage  capacity  is  170,000,000  cubic  feet  and 
the  area  of  water  surface  252  acres.  It  is  situated  on  the  head- 
waters of  Butternut  creek,  tributary  to  Chittenango  creek 
through  Limestone  creek.  The  outflow  reaches  Erie  canal 
through  the  Orrville  feeder. 

From  Chittenango  falls  to  Chittenango  village,  a distance  of 
five  miles,  this  stream  falls  from  elevation  860  + T.  W.  to  eleva- 
tion 420.  From  the  foot  of  Chittenango  falls  to  Chittenango  vil- 
lage, the  stream  flows  through  a deep,  narrow  valley,  where 
several  water  powers  formerly  in  use  are  now  mostly  abandoned. 

Owing  to  its  location  behnv  tliree  feeders  of  the  canal,  the 
records  at  Bridgeport  do  not  show  the  actual  runoff  of  the 
catchment  area  during  the  canal  season.  During  the  winter, 
drainage  into  the  canal  is  sometimes  drawn  off  into  Chittenango 
creek  at  the  aqueducts  crossing  the  main  stream  and  its  tribu- 
taries. Owing  to  uncertainty  in  the  runoff^  the  Bridgeport  sta- 
tion was  abandoned  in  May,  1901. 

Geologically,  Chittenango  creek  lies  in  the  horizon  of  the 
Niagara,  Salina  and  Lower  Helderberg  groups  and  Hamilton 
shales. 

Discharge  measurements  of  Blade  river.  Observations  of  the 
flow  in  Black  river  have  been  made  at  the  dam  of  the  Watertown 
Waterworks,  located  about  two  miles  above  Watertown,  at  Hunt- 
ingtonville.  This  station  was  established  in  February,  1897,  and 
the  record  has  been  furnished  by  the  Board  of  Water  Commis- 
sioners of  Watertown.  At  this  gaging  station  the  stream  flows 
in  two  channels  with  an  island  between.  A high  dam  on  the 
right  creates  a settling  basin  for  the  water  supply  of  Watertown. 
The  second  dam,  on  the  opposite  side  of  the  island,  is  of  timber 
with  crest  slightly  irregular  in  profile.  For  ease  in  computa- 
tion this  crest  has  been  divided  into  six  parts,  each  being  con- 
sidered as  horizontal.  The  discharge  over  the  dam  has  been 
computed,  using  coefficients  derived  from  Cornell  University  ex- 
periments Nos.  2 and  12,  as  given  in  detail  in  the  paper  On  the 
Flow  of  Water  Over  Dams. 

The  entire  flow  of  Black  river,  aside  from  the  leakage  and 
diversion  for  the  water  supply  of  Watertown,  passes  over  the 
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HiintingtonviHe  dam.  Two  or  more  readings  of  the  gage  are 
taken  daily  and  a mean  taken.  In  computing  the  flow  an  allow- 
ance of  200  cubic  feet  per  second  has  been  made  for  leakage 
through  seams  and  crevices  in  the  rock  underlying  the  danu 
This  amount  is  somewhat  general,  as  it  has  only  been  arrived 
at  from  an  estimate  of  the  size  of  the  openings  from  the  state- 
ment of  eye  witnesses  when  the  water  was  drawn  down  in  the 
summer  of  1897.  The  following  cut  shows  a section  of  the 
Huutingtonville  dam  on  Black  river: 


Geologically,  Black  river  lies  in  the  horizon  of  the  Trenton 
limestone,  with  its  tributaries  rising  into  the  unclassified 
granites  and  gneisses  of  the  Adirondack  region. 

Discharffe  measurements  of  Lake  Champlain.  Lake  Cliamplain 
drains  an  area  of  7960  square  miles,  which  is  subdivided  as  fol- 


lows: 

Square  miles. 

Area  in  Quebec 740 

xVrea  in  Vermont 4,270 

Area  in  Xew  York . 2,950 

Area  of  water  surface  of  lake 400 


Total ! 8,360 


(Catchment  area=]889  square  miles) 
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We  have,  then,  a total  area  of  the  basin  of  8;i60  square  miles.^ 

The  rainfall  of  this  catchment  is  stated  in  the  Report  of  the 
Board  of  Engineers  on  Deep  Waterways  at  an  average  of  about 
33  inches  per  year.  But  table  No.  25  shows  that  for  the  12  years 
from  1891  to  1902,  inclusive,  the  rainfall  of  Champlain  valley  was 
37.06  inches. 

The  lake  is  considered  as  terminating  on  the  south  at  White- 
hall and  on  the  north  at  St  Johns,  on  Richelieu  river.  The  low- 
water  elevation  is  95.03  feet  -f  T.  W.  and  the  high  water,  103.78 
feet  4- T.  A¥.  The  length  is  125  miles  from  Whitehall  to  St 
Johns,  and  the  breadth  13  miles.  The  outlet  of  Lake  Champlain 
is  Richelieu  river,  which  flows  northerly  across  the  Province  of 
Quebec,  entering  the  St  Lawrence  at  Sorel.  The  length  of  the 
river  is  75  miles.  It  receives  from  New  York  the  drainage  from 
the  northeast  slope  of  the  Adirondacks,  amounting  to  35  per 
cent  of  the  whole.  A record  of  the  elevation  of  lake  surface  at 
Rouses  Point  has  been  kept  by  the  United  States  Corps  of  Engi- 
neers since  1875. 

In  1896  the  construction  of  a power  plant  at  Chambly  was 
begun  by  the  Royal  Electric  Company  of  Montreal.  The  dam  is 
of  concrete  masonry,  strengthened  with  imbedded  iron  bars. 
The  hight  from  apron  to  crest  is  18  feet,  affording  a fall  of  28 
feet  at  the  power-house.  A calibration  curA^e  of  Richelieu  river 
was  constructed  by  the  Board  of  Engineers  on  Deep  Waterways 
by  comparing  the  computed  discharge  over  this  dam  with  the 
corresponding  stage  of  Lake  Champlain  at  Port  Montgomery, 
and  taking  into  consideration  the  slope  of  Richelieu  rlAer  in  the 
intervening  distance  of  thirty-five  miles.  The  discharge  in  cubic 
feet  per  second  has  been  deduced  from  this  curve. 

The  record  of  Lake  Champlain  is  given  not  only  because  it  is 
computed  over  a dam,  but  because  it  is  a long  record,  although  in 
the  following  tables  it  has  only  been  taken  from  1880-1902,  in- 
clusive. The  catchment  area  of  7750  square  miles,  as  given  by 
the  Board  of  Engineers  on  Deep  Waterways,  is  placed  at  the 
head  of  the  tables. 

iThe  preceding  figures  are  derived  from  the  Report  of  the  United  States 
Deep  Waterways  Commission  (1896).  The  Board  of  Engineers  on  Deep 
Waterways  gave  the  area  of  Lake  Champlain  at  437  square  miles  and  the 
total  area  of  the  catchment  at  7,750  square  miles. 


Table  No.  5G — Runoff  of  Richelieu  river — outlet  ok  Lake  Champlain — at  Chambly,  Quebec,  for  the  water  years  1880 

1002,  INCLUSIVE 

(In  cubic  foot  per  second.  Catchment  area=7750  square  miles) 
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The  following'  are  the  mean  monthly  elevations  of  Lake  Cham- 
plain at  Fort  Montgomery,  New  York,  1875-1898,  inclusive:  • 
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Mean  elevation,  1875  to  1898,  9G.10  feet. 
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Cleologically,  Lake  Champlain  lies  mostly  in  the  horizon  of  the 
Trenton  limestone,  the  drainage  being  from  the  Lanrentian 
granites  and  Plutonic  norites. 

Discharge  measurements  of  Hudson  river  at  Mechanicvllle, 
Measurements  of  the  floAv  of  the  Hudson  river  at  Mechanicville 
have  been  made  over  the  dam  of  the  Duncan  Company.  In  1887  this 
company  began  daily  measurement  of  the  amount  of  water  flow- 
ing in  the  Hudson  river  at  their  mill.^  AVith  the  exception  of  one 
or  two  days,  this  record  has  been  kept  for  every  working  day 
since  October  1,  1887.  A record  has  also  been  kept  of  the  num- 
ber, size,  and  kind  of  turbine  water  Avheels  in  use  for  the  same 
period.  The  Duncan  Company  placed  all  this  material  at  the 
disposal  of  the  survey  of  the  upper  Hudson  valley,  thus  enabling 
one  to  compute  the  mean  daily  flow  of  the  river  for  each  working 
day  from  October  1,  1887,  to  November,  1897.  The  flow  of  Sun- 
days and  holidays,  when  no  observations  were  taken,  has  been 
assumed  as  a mean  between  the  preceding  Saturday  and  the  fol- 
lowing Monday,  etc.  The  dam  is  a substantial  structure  of 
masonry  16  feet  high,  with  a length  of  794  feet  between  the  abut- 
ments. The  crest  is  stated  to  be  perfectly  level,  and  from  all 
that  can  be  learned  it  appears  that  the  daily  observations  have 
been  taken  with  such  care  as  to  leave  no  reason  for  doubting 
that  this  is  a fairly  accurate  exhibit  of  the  daily  flow  of  the 
stream  for  the  period  covered. 

The  catchment  area  of  the  Hudson  river  above  the  Mechanicville 
dam  is  taken  at  4500  square  miles,  although  a recomputation 
from  the  latest  maps  made  for  the  Board  of  Engineers  on  Deep 
AVaterways  gave  4507  square  miles.  This  is  only  0.15  of  one  per 
cent  different  from  the  former  computation  of  4500  square  miles 
and  is  not  enough  to  make  it  worth  while  to  recompute  the 
runoff. 

The  flow  of  the  Hudson  river  at  Mechanicville  prior  to  1899  has 
been  computed  by  using  the  East  Indian  engineers’  formula  for 
floAv  over  a dam,  and  when  dashboards  are  on,  the  Francis  formula 
for  a sharp-crested  weir  has  been  used.  Since  that  time,  the 
computations  have  been  made  by  11.  1*.  Bloss,  Engineer  of  the 


^4nn.  Kept,  of  State  Engineer  and  Surveyor  of  New  York,  1895,  p.  104. 
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Duncan  Compauj’^  who  has  used  the  Francis  formula  for  the 
Merrimac  dam,  namely: 

Q=d.012  L II  (3G) 

in  which — 

L = length  of  dam  = 794  feet; 

II  = depth  on  crest  of  dam,  in  feet. 

This  formnla  has  been  used  in  all  cases,  whether  flashboards 
are  on  or  off.  Mr  Floss  states  that  his  reason  for  using  this 
formula  is  that  there  was  a litigation  at  Mechanicville  in  which 
the  quantity  of  'water  flowing  over  the  dam  became  an  important 
element.  He  therefore  used  the  Francis  formula  for  the  Merri- 
mac dam  because  the  courts  were  familiar  with  this  formula, 
whereas,  had  he  continued  to  use  the  East  Indian  engineers^ 
formula,  the  courts  would  not  be  familiar  with  it  and  might  not 
accept  it.  The  difference  between,  the  two  formulas  is  not  very 
great.  At  4 feet  depth  it  is  about  one  cubic  foot  ])er  second 
per  foot  of  crest,  which  would  make  at  that  depth  794  cubic  feet 
per  second  for  the  entire  dam.  Probably  the  greatest  oversight 
in  this  computation  is  the  use  of  the  formula  for  the  Merrimac 
dam  when  the  flashboards  are  on.  At  4 feet  depth  the  variation 
between  the  formula  for  the  Merrimac  dam  and  Francis  formula 
for  a sharp-crested  weir  is  about  13  cubic  feet  per  second  per 
linear  foot  of  dam,  and  even  at  2 feet  depth  on  crest  the  varia- 
tion is  over  6 cubic  feet  per  second  per  foot  of  dam.  It  is  con- 
cluded, therefore,  that  the  computations  from  1899  to  date  are 
somewhat  less  reliable  than  those  of  the  previous  years.  The 
following  cut  shows  a section  of  the  Mechanicville  dam. 


Fig.  26  Section  of  Mechanicville  dam. 
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Table  No.  61 — IUjnoff  data  of  Hudson  river  at  Meciianicvuj.e  for  the  water  years  lS88-ir¥)l,  inclusive  (continued) 
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Experience  in  flows  over  dams  of  this  length  and  with  depth® 
as  great  as  from  7 to  8 feet  is  as  yet  rather  limited  in  this  coun- 
try, and  the  question  was  raised  as  to  the  best  method  of  comput- 
ing the  discharge  for  a case  like  the  one  under  discussion.  The 
engineers  of  the  British  government  in  India  have  had,  in  con- 
nection with  their  large  irrigation  Avorks,  perhaps  more  experi- 
ence in  this  class  of  measurement  than  all  others  combined,  and 
the  formulas  used  by  them  apj)ear  more  rational  in  form  than 
those  commonly  used  in  the  United  States  for  such  computa- 
tions, and  after  some  study  it  was  decided  to  use  these.  As 
man}’  American  engineers  may  not  be  familiar  with  these 
formulas  they  are  here  reproduced.  They  take  the  following 
form — 

Q=|  L C (37) 

in  which — 

Q = the  discharge  oA’er  a thin-edged  clear  overfall,  in  cubic 
feet  per  second, 

L ^ the  length  of  the  dam  in  linear  feet, 

C = coefficient  depending  for  its  value  on  cl, 

(j  = acceleration  of  gravity  = 32.2, 
d z=  depth  on  crest,  in  linear  feet. 

Equation  (37)  may  also  take  the  form — 


This  gives  a series  of  values  of  0 corresponding  to  d.  For 
instance,  for  d = 0.25  foot,  0 = 0.651;  for  d=;0.50  foot^ 
0 = 0.619,  and  so  on. 

For  a Avide-crested  dam  the  coefficient  is  further  modified  to 
suit  the  actual  Avidth  of  the  crest.  For  this  we  haA^e  given  the 
expression — 


Q = 5.35  LC  y/ d\ 


(38) 


To  find  C for  different  A’alues  of  d,  Ave  have — 


(39) 


^Equation  (39)  may  be  Avritten  in  a simpler  form,  0=1 — 0.01(34.G+d.) 
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in  which — 

B = the  width  of  the  crest  in  linear  feet; 

O = the  coefficient  for  a thin-edged  weir,  corresponding  to  a 
dej)th  d,  as  per  equation  (39),  and 

C'  = the  adjusted  coefficient  corresponding  to  a given  breadth 
B and  a depth  d?- 

In  the  case  of  the  Mechanicville  dam  we  have  a stone  crest  7 
feet  in  width  and  slightly  inclined  upstream.  The  width  of  the 
river  a short  distance  above  the  dam  is  considerably  over  800  feet ; 
the  depth  for  some  distance  back  is  from  16  to  20  feet.  In  order 
to  avoid  a correction  for  velocity  of  approach,  a crest  was  assumed 
5 feet  wide  and  values  of  C'  were  computed  on  that  basis. 

Having  obtained  values  of  C'  for  d = 0.25,  0.50,  0.75,  1.00,  1.25, 
1.50,  1.75  feet,  and  so  on  up  to  8 feet,  corresponding  values  of  Q 
were  computed  and  plotted  at  a large  scale  as  a curve  with  values 
of  d as  abscissas  and  the  corresponding  flows  as  ordinates.  From 
this  curve  intermediate  values  of  Q have  been  read  off. 

The  water  wheels  at  Mechanicville  have  a capacity  when  they 
are  all  running  of  about  2400  cubic  feet  per  second.  The  Avorking 
head  varies  from  15  to  17.  feet,  depending  upon  the  condition  of 
the  dashboards.  A test  of  a 30-inch  Hercules  wheel,  Avhich  has 
been  in  use  about  eight  years,  shows  the  actual  discharge  to  be 
substantially  as  giA^en  in  the  manufacturers’  tables  when  running 
at  the  speed  of  greatest  efficiency. 

The  crest  gage  is  read  tAvice  a day  and  a mean  taken  for  the 
iiight.  A continuous  record  is  also  kept  of  the  run  of  the  Avater 
wheels  at  the  mill. 

Discharge  measurements  of  Hudson  river  at  Fort  Edward. 
This  station  is  located  at  the  dam  of  the  International  Paper 
Company,  Avhich  was  established  by  the  AAUuter  in  1895  in  connec- 
tion Avith  the  upper  Hudson  storage  surveys.  The  dam  is  of 
timber  on  rock  foundation  and  with  very  little  leakage.  The 
crest  is  nearly  level,  587.6  feet  in  length.  Flashboards  are  main- 
tained on  the  dam  15  to  18  inches  in  hight. 

There  are  sixty-two  Avater  wheels  in  the  adjoining  mill.  A 
record  is  kept  of  the  daily  run  of  each  in  hours,  as  well  as  the 
working  head,  which  is  about  19  feet.  The  capacity  of  the  wheels 

^Tlie  method  of  deducing  equations  (39)  and  (40)  may  be  found  in 
Mullin’s  Irrigation  Manual,  1890,  pp.  11,  12,  138,  139,  171,  172. 


Table  No.  G2 — Runoff  of  Hudson  riveb  at  Mechanicville  for  the  water  years  18S8-  1IK>2,  iNci.rsivE 
(In  cubic  foot  inn-  socond  i>or  square  inilo.  Calchiuoiit  area  = 4 ">00  S(iuaro  miles) 
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is  about  4000  cubic  feet  }>er  secoud.  They  are  mostly  of  modern 
types  and  have  been  tested  at  Holyoke.  When  the  fiashboards 
are  on,  computations  at  Fort  Edward  have  been  made  by  the 
Francis  formula  for  sliarjj-crosled  weir,  but  wIkmi  the  dashboards 
are  off,  the  flow  is  computed  by  means  of  the  East  Indian  engi- 
neers’ formula. 

In  the  winter  of  1890-97  a flood  spillway  was  cut  in  the  rock 
at  the  south  end  of  the  dam  over  which  the  water  begins  to  flow 
whenever  it  reaches  the  level  of  the  crest  of  the  fiashboards.  The 
profile  of  this  spillway  is  irregular  and  causes  a good  deal  of 
uncertainty  in  the  calculated  flows  during  high  water.  Indeed, 
the  uncertainty  is  so  great  that  the  writer  has  for  a number  of 
years  been  unwilling  to  publish  the  record  of  this  dam.  He  has, 
however,  finally  reviewed  it,  recomputing  a portion  of  the  same, 
and  the  figures  are  given  for  what  they  are  worth.  There  is  con- 
siderable uncertainty  in  the  high-Avater  flows — perhaps  as  much 
as  25  per  cent.  The  entire  low-water  flow  passes  through  the 
AA'ater  Avheels,  and  there  may  be  some  uncertainty  in  this,  although 
not  as  great  as  in  the  flood  floAvs. 

The  summer  floAv  of  the  Hudson  river  at  ]\Ieehanicville  and  Fort 
Edward  is  materially  increased  by  the  outgo  from  Indian  river 
dam,  built  in  1898.  A record  of  the  flow  at  Indian  lake  has  been 
kept  since  July,  1900. 

The  geology  of  the  Hudson  river  basin  is  complicated^ — from 
its  mouth  to  its  extreme  headwaters  it  crosses  nearly  eA^ery 
formation  appearing  in  the  State  of  New  York. 

Discharge  mcasuroncnfs  of  Croton  rircr.  This  stream  serves 
as  the  principal  source  of  Avater  su])])ly  for  the  City  of  New  York, 
Borough  of  Manhattan.  The  average  daily  consumption  of  AAmter 
in  all  the  Boroughs  of  the  City  of  New  York  Avas,  in  1899, 

371,778,000  gallons,  distributed  as  folloAvs: 


Gallons. 


Manhattan 
Bronx  . . . . 
Brooklyn  . 
Queens  . . . 
Bichmond 


230,000,000 

21,000,000 

102,G()3,000 

12,925,000 

5,190,000 


The  catchment  area  of  tbe  Croton  river  lies  almost  entirely 
in  New  York,  only  a small  portion  being  in  Connecticut.  It 


(Catchment  area  = 2800  square  miles) 
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amounts  to  331)  square  miles  above  the  old  Croton  dam  and  to 
3()0  sqTiare  miles  above  the  new  Croton  dam  under  construc- 
tion. The  main  river  is  formed  by  three  branches,  known 
respectively  as  east,  middle  and  west  branches,  .Avhich,  rising 
in  the  southern  part  of  Dutchess  county,  How  through  Putnam 
county  and  unite  near  its  south  boundary.  The  riA^er  then  Hoavs 
across  Westchester  county  to  the  Hudson  river,  into  Avhich  it 
emj)ties  at  Croton  Point,  about  thirty  miles  north  of  the  City  of 
New  York.  The  principal  tributaries,  aside  from  the  east,  mid- 
dle and  Avest  branches,  are  Kisko,  Titicus,  Cross,  and  Muscoot 
rivers. 

'Pile  flow  of  the  Croton  river  is  diverted  tlirough  tAVO  aqueducts. 
A record  of  the  How  has  been  kept  at  old  Croton  dam  since  1868. 


Fig.  27  Diagram  of  old  Croton  dam. 


This  record  includ(‘s  the  (piantity  of-Avater  Avasted  over  the  crest 
of  the  dam,  as  Avell  as  that  diverted  for  the  Avater  supply  of  Noav 
York. 

In  1900  John  K.  Freeman  made  a report  on  the  New  York 
AAUiter  supply^  in  Avhich  is  an  extended  study  of  the  yield  of  the 
Croton  catchment  area.  It  is  stated  that  the  results  t)reviously 
]>ul)lished  aA’erage  10  ])er  cent  too  large,  ilie  ditbu'eiice  between 
the  earlier  estimat(‘s  and  the  ]M’(‘sent  being  due  mostly  to  the  use 
of  erroneous  data,  as  follows: 

1)  The  flow  Avasting  over  the  old  Croton  dam  Avas  overesti- 
mated about  9 per  cent  by  the  use  of  a formula  not  strictly  ap- 
plicable to  this  peculiar  form  of  dam.  and  because  of  a mistaken 
assumption  in  length  of  overfall.  On  measuring  the  length  of 
crest  line  of  dam,  it  was  found  shorter  than  heretofore  assumed 

Dieport  on  New  York’s  AA^ator  Su])i)ly,  with  Particular  Ileference  to  tlie 
Needs  of  Procuring  Additional  Sources  and  Their  Prol)ahle  Costs,  hy  .John  IC 
Freeman,  C.  E.,  1900. 
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by  10  feet.  G indies  (or  4 per.  cent)  for  all  depths  less  than  8 
inches,  while  the  length  between  wingwalls  heretofore  used  was 
substantially  correct.  It  was  also  found  that  the  dam  crest  is 
not  absolutely  level  because  of  settlement  near  the  center  pier, 
and  that  the  method  of  measuring  the  depth  gave  results  about 
0.30  inch  too  high. 

2)  The  tlow  in  the  old  Croton  acpieduct  at  the  depth  commonly 
used  before  the  new  aqueduct  was  opened  is  less  than  previously 
estimated  by  about  14,000,000  gallons  per  day,  or  15  per  cent. 
These  earlier  estimates  were  based  on  using  for  the  old  Croton 
aqueduct  the  same  coefficient  of  flow  found  for  the  new,  smooth 
and  cle^n  Sudbury  aqueduct,  and  not  upon  a gaging  of  the  old 
aqueduct  itself. 

3)  Gaged  b3^  the  same  observer  with  the  same  instrument,  the 
new  Croton  aqueduct  is  now  delivering  less  water  for  a given 
depth  of  flow  than  wlien  new,  to  tlie  extent  of  about  40,000,000 
gallons  per  day;  or,  when  the  depth  measured  at  the  head  of  the 
aqueduct  is  11  feet,  the  shortage  is  about  15  per  cent. 

4)  An  error  was  made  five  years  ago  in  setting  the  gage  by 
which  depths  in  the  new  aqueduct  are  read,  so  that  it  makes  the 
depth  appear  21  inches  too  large;  this  cause  alone  contributes 
about  0,000,000  gallons  per  day  to  the  overestimate  mentioned 
above. 

5)  The  effect  of  storage  drawn  from  Boyd’s  Corner  and  Middle 
Branch  reservoirs  and  the  Croton  lake  in  modifying  the  natural 
flow  had  not  been  taken  into  account  in  these  earlier  estimates, 
neither  had  due  allowance  been  made  for  the  controlled  natural 
ponds.^ 

Croton  river  is  an  average  water  yielder.  The  minimum  yield 
for  a complete  water  year  for  the  whole  period  18G8-1899,  in- 
clusive, was  in  1880,  when  from  December  to  November,  inclusive, 
the  total  runoff  was  13.71  inches. 

Tlie  Croton  catchment  contains  thirty-one  lakes  and  ponds, 
many  of  which  have  been  utilized  as  natural  storage  basins  by 
constructing  dams  at  their  outlets.  The  following,  tabulation 
gives  the  entire  natural  and  artificial  storage,  either  actually 
carried  out  or  under  construction  in  1902,  for  the  Croton  catch- 
ment area: 


1 Freeman’s  report,  pp.  121-123. 
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Capacity 
. to  level 

XT  . . of  spillway 

Name  of  reseivoii-  crest,  in  gallons 

Boyd’s 2,727,000,000 

Middle  braiicli 4,005,000,000 

East  Branch  Sodom 4,883,000,000 

Bog  brook 4,145,000,000 

Titacus  7,167,000,000 

West  Branch  Carmel 10,070,000,000 

Amawalk  7,678,000,000 

Mahopac 575,000,000 

Kirk 565,000,000 

Gleneida 165,000,000 

Gilead 386,000,000 

Barrett’s 170,000,000 

White  200,000,000 

Peach 230,000,000 

Waccabnc 200,000,000 

Cross 110,000,000 

China 105,000,000 

Pine 75,000,000 

Long  60,000,000 

Tonetta 50,000,000 

Haines 25,000,000 

Old  Croton  lake 160,000,000 

New  Croton  (a]>j)roximate ) 21,200,000,000 

Additional  in  New  Croton  lake  above  Muscoot 

dam  2,500,000,000 

Increase  by  dashboards 2,800,000,000 


Total  storage 70,245,000,000 


The  catchment  area  above  new  Croton  dam  is,  as  already  stated,. 
360  square  miles.  It  is  considered  that  the  storage  afforded  by 
this  reservoir  system  will  furnish  a daily  supply  of  at  least 
280,000,000  gallons.  At  this  rate  the  utilization  from  this  catch- 
ment will  become  778,000  gallons  per  square  mile  i»er  day,  or  1.20 
cubic  feet  per  second  per  square  mile. 

The  accompanying  tables  are  given  in  illustration  of  the  yield 
of  the  Croton  catchment  area. 


Table  No.  64 — Average  flow  of  Croton  river  at  old  Croton  dam,  including  storage  draft,  with  catchment  area  and 
RESERVOIRS  AS  EXISTING  IN  THE  GIVEN  YEAR  FOR  THE  YEARS  1868-1899,  INCLUSIVE 
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Table  No.  65 — Runoff  of  Croton  river  at  old  Croton  dam  for  the  water  years  1868-1899,  inclusive  (continued) 

(In  cubic  feet  per  second.  Catchment  area  — 339  square  miles) 
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Table  No.  64  gives  the  average  daily  ilow  of  the  Croton  river  at 
the  old  Croton  dam,  including  storage  draft  with  catchment  area 
and  reservoirs  as  existing  in  the  given  years.  This  table  is  com- 
puted from  the  observed  flow  by  deducting  the  quantity  corres- 
ponding to  lowering  of  storage  reservoirs  or  adding  the  quantity 
taken  to  refill,  without  allowance  for  evaporation  loss  from  stor- 
age reservoirs.  Tn  his  table,  the  average  for  each  calendar  month 
is  given  in  gallons  for  each  day  of  twenty-four  hours.^ 

In  table  No.  65  the  mean  monthly  flow  of  the  Croton  river  at 
the  old  Croton  dam  is  given  from  1868  to  1899,  inclusive,  in  cubic 
feet  per  second.^ 

In  table  No.  66  the  runoff  in  inches  on  the  catchment  area  is 
given  from  1868  to  1876,  inclusive.  The  rainfall  is  not  given 
because  ^Ir  Freeman’s  investigations  showed  that  previous  to 
1877  the  Croton  rainfall  is  so  uncertain  as  to  make  it  unsafe  to 
draw  comparisons. 

In  table  No.  67  the  rainfall,  ruuofl:  and  evaporation  is  given  in 
inches  on  the  catchment  area  for  the  water  years  from  1877  to 
1899,  inclusive.^ 

In  table  No.  68  the  mean  monthly  flow  of  the  Croton  river  at  the 
old  Croon  dam  is  given  from  1868  to  1899,  inclusive,  in  cubic  feet 
per  second  ])er  square  mile.^ 

It  will  be  seen  that  the  tables  on  pages  lh)4-5  and  on  ])ages  206-7 
of  Mr  Freeman’s  report  vary  somewhat  under  the  different  sup- 
positions on  which  they  have  been  computed.  There  is  another  table 
on  pages  208-9,  giving  the  average  daily  flow  at  the  new  Croton 
dam  exclusive  of  storage  draft  with  rainfall  as  in  the  given  year 
and  with  reservoirs  as  in  1902.  This  table  has  been  computed 
from  the  natural  flow  at  the  old  dam  for  the  given  year  and  month 
b^'  adding  6.4  ]>er  cent  for  increase  in  catchment  area  and  de- 
ducting an  allowance  for  evaporation  loss  caused  by  substituting 
water  surface  for  land  surface  in  the  new  reservoirs  constructed 
between  the  given  years  and  1902.  The  total  catchment  area  is 
taken  at  360  square  miles,  with  16.1  square  miles — equivalent  to 

iFrom  pp.  206-7  of  Freeman’s  report. 

2 This  table  is  based  on  the  table  on  pp.  204-5  of  Freeman’s  report. 

®Tbe  basis  of  tables  Nos.  66  and  67  is  the  table  on  pp.  206-7  of  Free- 
man’s report. 

4 This  table  is  based  on  the  table  on  pp.  204-5  of  Freeman’s  report. 
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4.5  per  cent— as  water  surface.  The  quantities  in  this  table  are 
averages  for  the  calendar  months  in  million  gallons  per  day  of 
twenty-four  hours.  This  table  is  not  gfveii  here,  because  it  is 
in  etfect  a computation  as  to  the  future  yield  of  this  basin. 

Geologically  this  catchment  lies  almost  entirely  in  granites  and 
gneisses,  although  there  is  a small  area  of  metamorphic  Hudson 
formation,  consisting  of  slate,  schist  and  quartzite,  and  also  a 
small  area  of  metamorphic  Trenton  and  calciferous  limestones. 

The  present  water  supply  of  New  York  city  is  derived  from  the 
following  sources : 

1)  Catchment  of  Groton  river,  thirt^^-three  miles  north  of  New 
York. 

2)  Catchment  of  Bronx  and  Byrani  rivers,  fifteen  miles  north  of 
New  Y^ork. 

3)  Catchments  of  a series  of  streams  on  the  southern  shore  of 
Long  Island. 

4)  Ground  water  whi(‘h  is  found  undei-lying  a stratum  of  clay 
on  Long  Island  and  on  Staten  Island.  These  statements  do  not 
tak^  into  account  some  unimportant  well  supplies  on  Manhattan 
island. 

Discharge  measurements  of  t^chroon  river.  This  gaging  station 
was  established  at  the  dam  of  the  Schroou  Kiver  Pulp  Com])any, 
two  miles  below  Warrensburg,  November  1,  1895,  in  connection 
with  the  upj)er  Hudson  storage  surveys.  During  ordinary  water 
an  attempt  is  made  to  turn  the  entire  flow  of  the  stream  through 
the  water  wheels,  which  run  twenty-four  hours  per  day,  Sundays 
excepted.  This  is  accomplished  by  the  use  of  dashboards  and  by 
draft  from  the  storage  impounded  by  the  Starbuckville  dam.  The 
natural  flow  of  the  Schroou  river  is  considerably  modified  by  the 
temporary  storage  of  Schroon  lake,  tvhich  has  a low-water  area  of 
9.1  square  miles.  There  is  a dam  at  Starbuckville,  controlled  by 
the  Schroon  River  Ibtlp  Company  and  which  stores  from  4 to  5 
feet  in  depth  over  Schroon  lake  area,  which  is  let  down  as  re- 
(luired  for  use  during  the  summer  months.  This  fact  explains  why 
the  Schroon  river  area  apparently  yields  more  water  proportion- 
ately in  the  storage  period  than  the  entire  Hudson  area  and  less 
in  the  replenishing  period. 


Table  No.  69. — liuN  off  of  Schroon  River  at  Warren siuiko  for  the  Water  Years  1896-1901,  Inclusive. 

(Catclimeiiti area - = 563  square  miles) 
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A comparison  of  tlu‘  at  A^arrcmsbiirg  willi  tliose  of  the 

Hudson  river  at  Mecliaiiicville  indicates  that  tlie  runolf  of  Schroon 
river  is  considerably  greater  than  that  of  the  Hudson,  the  differ- 
ence occurring  mostly  in  the  storage  period.  This  is  probably 
true,  although  some  uncertainty  attaches  to  the  gagings  at  War- 
rensburg,  owing  to  an  increase  in  the  leakage  from  year  to  year. 
The  writer  visited  Warrensburg  in  October,  1895.  At  that  time 
the  pulp  mill  Avas  not  running,  and  due  to  the  fa(T  that  Starbuck' 
ville  dam  was  closed  tightly  very  little  water  Avas  running  in 
Schroon  riA^er.  The  water  in  the  Warrensburg  dam  stood  about 
4 feet  below  the  crest.  The  bed  of  Schroon  river  beloAV  the  dam 
Avas  very  nearl^^  dry,  the  tioAV  not  exceeding  one  to  tAVo  cubic 
feet  per  second.  The  Avriter  has  not  seen  this  dam  in  several 
years,  but  reports  indicate  that  the  leakage  may  be  anywhere 
from  30  to  50  cubic  feet  per  second. 

When  the  dashboards  are  on,  the  computations  have  been  cal- 
culated by  means  of  Francis’  formula  for  sharp-crested  weir. 
Without  the  dashboards,  the  quantities  are  taken  from  a diagram 
deduced  from  the  Cornell  University  exi)eriments.  In  1902  this 
mill  Avas  rebuilt. 

(Geologically  the  headwaters  of  this  stream  lie  in  the  horizon 
of  the  Plutonic  norites  and  dow  across  the  unclassided  granites 
and  gneisses. 

Discharge  measurefuents  of  Mohawk  river  at  Dunshach  Ferry. 
Mohawk  river  has  been  an  important  avenue  of  commerce  ever 
since  the  early  settlement  of  the  country.  Nevertheless  very 
little  Avas  known  as  to  the  w^ater  yield  until  the  investigations  of 
the  Board  of  Engineers  on  Deep  Waterways  in  1898-9.  The 
Avriter  established  for  this  Board  gaging  stations  at  Ridge  Mills, 
Little  Falls  and  Rexford  Flats.  The  station  at  Dunsbach  Ferry 
Avas  established  in  March,  1898,  by  D.  J.  Howell.  At  present 
gagings  over  dams  are  kept  at  Dunsbach  Ferry  and  Little  Falls, 
while  gagings  by  current  meter  are  made  at  Schenectady  and 
Utica.  • 

The  Dunsbach  Ferry  record  is  kept  at  the  dam  of  the  West  Troy 
Water  Company,  just  above  Dunsbach  Ferry  bridge,  nine  miles 
from  the  mouth  of  the  riA^er.  This  dam  is  in  tAAm  sections,  on 
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opposite  sides  of  an  island.  The  left  wing  has  a crest  length  of 
380  feet,  while  the  right  wing  has  a crest  280  feet  long.  The  dis- 
charge over  the  main  dam  has  been  calculated  by  means  of  a 
coefficient  determined  in  Cornell  University  experiment  No.  18, 
representing  a cross-section  nearly  identical  with  that  of  the 
West  Troy  Water  Company’s  dam.  With  a rise  of  5 feet  on  the 
gage,  the  water  begins  to  flow  over  a masonry  racewall.  The  dis- 
charge over  this  jiortion  has  been  computed  from  Cornell  Univer- 
sity experiment  No.  12,  as  detailed  in  the  paper  On  the  Flow  of 
Water  Over  Dams,  date  9 shows  the  dam  on  the  Mohawk  river 
at  Dunsbach  Ferry. 

Discharge  wcasurenieiits  of  Mohaick  river  at  Rexford  Flats. 
This  station  is  located  at  the  canal  feeder  dam  four  miles  below 
Schenectady,  where  there  is  a masonry  dam  with  a timber  apron. 
Ex^jeriments  on  the  Kexford  Flats  cross-section  were  made  at  Cor- 
nell University.  The  following  cut  shows  the  dam  on  ^fohawk 
river  at  Kexford  Fhits : 


Discharge  measurements  of  Mohaick  river  at  JAttle  Falls.  This 
gaging  station  is  located  at  the  lo’sver  or  Gilbert’s  dam  at  Little 
Falls.  It  is  a circular  dam  of  masonry,  furnishing  power  for  the 
Astoronga*Knitting  Mill  and  the  Little  Falls  Paper  Company’s 
Mills.  There  are  six  water  wheels  in  these  two  mills,  of  which 
the  records  are  kept.  The  following  cut  shows  a section  of  this 
dam  : 


Plate  9. 


Dam  ill  the  Mohawk  river  at  Duiisbach  Ferry. 
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In  addition  to  Gilbert’s  dam,  there  are  two  other  dams  at  Little 
Falls,  the  upper  one  being  a State  dam,  diverting  water  to  the 
Erie  canal.  The  record  as  given  in  table  No,  72  does  not  include 
the  diversion  to  the  canal. 

Discharge  measurements  of  Mohawk  river  at  Ridge  Mills.  The 
gaging  station  at  Ridge  Mills  was  located  at  the  dam  of  the  Rome 
Waterworks,  three  miles  above  Rome.  This  dam  is  of  rough  tim- 
ber with  plank  facing,  having  a slightly  irregular  crest,  123  feet 
in  length,  which  is  divided  into  several  sections  to  facilitate  dis- 
charge computations.  The  computations  have  been  made  from 
data  as  per  Cornell  University  experiment  No.  0.  The  following 
cut  shows  a section  of.  the  dam  on  the  Mohawk  river  at  Ridge 
Mills  in  comparison  with  Bazin’s  series  No.  162 : 


(Catchment  area--H440  square  miles). 
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Table  No.  71 — Runoff  of  Mohawk  river  at  Rexford  Flats  fob  the  water  tears  1899-1  DOl,  inclusive 

(Catchment  area  = 3385  square  miles) 
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Geological  1}^  the  main  Mohawk  lies  largely  in  the  Hudson  river 
shales  and  schists.  The  tributaries  to  the  nortii  flow  across  the 
Trenton  limestone  into  the  unclassified  granites  and  gneisses  of 
the  Adirondack  region.  To  the  south  the  tributaries  flow  across 
the  Hamilton  shales  and  upper  and  lower  Helderberg  groups.  The 
headwaters  of  Schoharie  creek — the  principal  tributary — lie  in 
the  Catskill  group. 

Discharge  measurements  of  East  Canada  Creek.  This  gaging 
station  is  located  at  the  masonry  dam  of  the  Dolgeville  Electric 
Light  & Power  Company,  about  seven  miles  from  the  mouth  of 
the  stream.  Keadings  of  the  depth  on  the  crest* are  taken  twice 
a day  and  the  mean  used  in  computing  the  discharge.  As  at  the 
other  stations  herein  discussed,  a record  is  also  kept  of  the  run 
of  the  water  wheels  and  the  elevation  of  water  in  the  tailrace. 

The  dam  is  of  rubble  masonry,  19  feet  high,  and  has  a flat  crest 
6 feet  wide.  It  is  190.25  feet  long  between  the  abutments.  The 
following  cut  shows  a section  of  this  dam : 


Fig.  31  Section  of  dam  on  East  Canada  creek  at  Dolgeville. 


(Catchment  area  = 2M  square  miles) 
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From  the  date  of  establishing'  the  station  at  Dolgeville  in  1898 
to  June  1,  1899,  the  discharge  was  computed  from  a curve  derived 
from  Cornell  University  experiment  No.  13.  From  June,  1899, 
it  has  been  computed  from  a revised  curve,  based  on  experiments 
by  John  R.  Freeman  on  a model  of  the  round-crested  portion  of 
the  Croton  dam,  which  corresponds  with  the  section  of  the  Dolge- 
ville dam  as  regards  friction,  vertical  contraction,  siphonage,  etc. 
The  flow  througli  the  turbines  has  also  been  computed  since 
June,  1899,  from  current-meter  measurements  in  the  tailrace, 
instead  of  the  manufacturers'  rating  tables,  as  formerly.  The 
effect  of  the  changes  has  been  to  slightly  increase  the  extremes 
of  flow — both  as  regards  high  and  low  water — the  flow  for  the 
mean  stage  remaining  substantially  the  same.  This  dam  is  prac- 
tically watertight  and  no  allowance  is  made  for  leakage. 

The  headwaters  of  this  stream  lie  in  the  horizon  of  the  granites 
and  gneisses.  11  crosses  the  Trenton  group  and  the  Hudson  river 
shales. 

Discharge  matsuronents  of  West  Canada  creek.  Measurements 
of  West  Canada  creek  have  been  made  at  Middleville  at  the  timber 
dam  of  the  Nelson  Knitting  Company,  which  supplies  power  to 
four  mills.  Aside  from  an  ice  slide,  the  crest  of  this  dam  is  nearly 
level.  The  leakage  of  the  dam  is  taken  at  50  cubic  feet  per  second, 
although  the  leakage  is  stated  to  have  increased  so  much  during 
1901  as  to  lead  to  the  abandonment  of  the  station.  The  following 
cut  shows  cross-sections  and  profile  of  this  dam : 


Fig.  32  Cross-sections  and  profile  of  dam  on  West  Canada  creek  at 
-Middleville. 


Table  No.  To— Runoff  of  West  Canada  Creek  at  Middleville  for  the  water  years  1899— May,  1901,  inclusive 

(Catchment  area  = 518  square  miles) 
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Geologically  the  headwaters  of  this  stream  lie  in  the  horizon 
of  the  granites  and  gneisses.  It  flows  across  the  Trenton  group 
and  Hudson  river  shales. 

Discharge  measurements  of  Sauquoit  creek.  This  station  is  at 
a dam  which  is  the  i)roperty  of  the  New  York  Mills,  used  to 
operate  an  extensive  cotton  mill.  The  dam  is  of  earth,  with  timber 
facing,  having  a spillway  105.8  feet  in  length.  The  following 
cut  shows  cross-section  and  longitudinal  profile  of  this  dam  in 
comparison  with  Bazin's  series  No.  175 : 


Fig.  33  Cross-section  and  longitudinal  i)rofile  of  dam  on  Sauquoit  creek 
at  the  New  York  Mills,  in  comparison  with  Bazin's  series  No.  175. 


When  this  station  was  established  in  the  fall  of  1898  the  dam 
was  watertight  and  leakage  consequently  neglected,  but  the  state- 
ment is  made  that  in  May,  1900,  the  leakage  was  found  to  be  5.6 
cubic  feet  per  second  and  the  station  was  accordingly  abandoned 
in  October,  1900.  The  flow  has  been  computed,  using  Bazin’s  series 
No.  175,  for  which  reference  is  made  to  the  paper  On  the  Flow  of 
Water  Over  Dams. 

Geologically  this  stream  lies  in  the  horizon  of  the  Hamilton 
shales,  crossing  the  Helderberg  and  Salina  groups. 

Discharge  measurements  of  Oriskany  creek.  This  station  is 
located  at  the  canal  feeder  timber  dam  at  Oriskany,  with  a crest 
length  of  214'  feet.  The  profile  is  irregular  and  has  been  divided 
into  three  sections  to  facilitate  computation.  The  dam  is  about 
four  feet  in  bight.  A section  is  shown  in  the  following  cut. 


Fig.  34  Cross-section  of  dam  on  Oriskany  creek  at  Oriskany. 
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The  coefficients  derived  from  Cornell  University  experiment  No. 
14  have  been  used  in  computing  the  flow  over  this  dam.  The  flow 
of  Oriskany  creek  represents  the  natural  runoff  of  the  tributary 
catchment  modified  by  pond  storage,  with  additional  flow  during 
the  summer  months  due  to  diversion  from  storage  reservoirs  on  the 
Chenango  river  catchment,  through  the  summit  level  of  the  aban- 
doned Chenango  canal,  into  Oriskany  creek.  The  natural  catch- 
ment area  above  the  gaging  station  is  144  square  miles,  while  that 
of  the  Chenango  river,  made  partially  tributary  through  Chenango 
canal,  is  87  square  miles.  The  effective  catchment  area  during 
the  navigation  season  is  therefore  231  square  miles,  while  the 
effective  catchment  area  with  canals  closed  is  144  square  miles, 
less  the  storage  of  the  several  reservoirs.  These  reservoirs  are 
situated  in  Madison,  Eaton,  Nelson  and  Lebanon  townships  in 
Madison  county,  and  include  Hatch  lake,  Eaton  brook,  Bradley 
brook,  Leland  pond,  Madison  brook  and  Kingsley  brook  reservoirs. 
Their  main  characteristics  and  storage  capacity  in  cubic  feet  are 
shown  by  the  following  tabulation : 


Name  of  reservoir 

Catchment 

area, 

square 

miles 

Distance 
to  Erie 
canal, 
miles 

Storag-e 

depth, 

feet 

Average 

surface 

area, 

acres 

Storage 
capacity, 
cubic  feet 

(1) 

(3) 

(3) 

(4) 

(5) 

(6) 

Hatch  lake 

36 

10 

134 

58,370,400 

553. 212. 000 

145.926.000 
59, 287, 000 

460. 647. 000 
98,445,600 

Eaton  brook 

10.6 

38 

50 

254 

Bradley  brook 

35 

25 

134 

Leland  pond 

25 

8 

173 

Madison  brook 

9.4 

29 

40 

235 

Kingsley  brook 

33 

20 

113 

Tolal  storage 

1,375,887,000 

In  examining  tables  Nos.  76  and  77  it  will  be  seen  that  the  runoff 
of  Oriskany  creek  is  considerably  larger  than  the  adjacent  Sau- 
quoit  creek,  but  on  making  the  proper  deductions  for  these  reser- 
voirs the  two  will  be  found  to  be  substantially  the  same. 

Geologically  this  stream  lies  in  the  horizon  of  the  Hamilton 
shales,  crossing  the  Helderberg  and  Salina  groups. 


(Catchmeut  area  = 52  square  miles) 
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Table  No.  TT— Kunoff  of  Oriskany  creek  at  Oriskany  for  the  water  years  1899- U)00,  inclusive 

(Catchment  area  = 144  square  miles) 
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Discharge  measurements  of  Eaton  and  Madison  hrooks  in  1835. 
Eaton  and  Madison  brooks  are  in  the  central-eastern  part  of 
^fadison  county  and  tributary  to  Chenango  river.  The  catch- 
ment area  of  Eaton  brook  is  given  at  6800  acres,  or  10.6 
square  miles,  and  that  of  Madison  brook  at  6000  acres,  or  9.4 
square  miles. 

Table  No.  78— Rainfall  and  runoff  of  Eaton  brook 


:month 

Rain- 

fall 

Rainfall  for 
6,800  acres. 

Runoff  from 
6,800  acres 

Percent- 
ag-e  of 
runoff  to 
rainfall 

(1) 

183o 

June  

(3) 

(3) 

(4) 

(6) 

Inches 

6.72 

2.74 

2.86 

1.34 

3.0 

2.20 

0.96 

Cubic  feet 
165, 876. 480 
67, 634, 160 
70,  596, 240 
33, 076, 560 
74, 052, 000 
54, 304, 800 

23, 696, 640 

1 

Cubic  feet 
59, 407, 394 
27, 994, 240 
13, 547, 058 
9,586,513 
20, 694, 651 
23,  772, 620 
36, 525, 544 

35.8 
41.4 

19.2 

29.0 

27.2 

43.8 

54.1 

July 

August 

September 

October 

November  

December  

June  to  December,  inclusive  . . . 
June  to  October,  inclusive 

19.82 

489, 236, 880 
411,235,440 

191,528,020 

131,229,856 

39.2 

31.9 

Table  No.  79— Rainfall  and  runoff  of  Madison  brook 


MONTH 

Rain 

fall 

Rainfall  for 
6,000  acres 

Rnnoff  from 
6,000  acres 

Percent- 
age of 
runoff  to 
rainfall 

(1) 

(3) 

(3) 

(4) 

(5) 

1835 

Snow  of  November-December, 
1834,  on  ground 

Inches 

Cubic  feet 

87, 120, 000 
47, 262, 600 
54, 450,  000 

22.443.400 
108,900,000 

43. 124. 400 

Cubic  feet 

January 

2.17 

23,192, 079 
35, 377, 594 

49.1 

February  

2.50 

64.9 

March 

1.03 

43, 284, 656 
80,776,974 
58,013,176 
20, 138, 006 

192.8 

April 

5.0 

74.1 

May  

1.98 

134.5 

June  

8.05 

175,329,000 
84, 288, 600 

66.646. 800 
19, 166, 400 

84. 070. 800 
45, 738, 000 

16.552.800 

11.5 

July 

3.87 

23,141,302 

27.4 

August 

3.06 

23, 725, 060 

35.6 

September 

0.88 

19,158,957 

99.9 

October  

3.86 

19, 544, 880 

23.2 

November 

2.10 

18, 232, 372 

39.9 

December  

0.76 

19,401,364 

117.2 

January  to  December,  inclusive. 

January  to  May,  inclusive 

June  to  October,  inclusive 

35.26 

855, 092, 800 
363,300,400 
429,501,600 

383, 986, 420 
240, 644, 479 
105, 708, 205 

44.9 

66.2 

24.6 
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The  following  statements  in  regard  to  these  measurements  are 
abstracted  from  Mr  Jervis’s  report  From  the  Eaton  brook  results 
it  appears  that  the  average  runoff  from  June  to  December, 
inclusive,  was  39.2  per  cent  of  the  rainfall  and  from  June  to 
October,  inclusive,  31.9  per  cent  of  the  rainfall.  The  minimum 
monthly  runoff  was  in  August,  which  shows  only  19.2  per  cent 
of  the  rainfall.  The  rainfall  in  the  month  of  June,  1835,  on 
Eaton  brook  was  6.72  inches  and  in  July  2.74  inches.  The  per- 
centage of  runoff  to-rainfall  for  June  was  35.8,  whereas  for  July 
it  was  41.4,  which  would  indicate  that  the  bulk  of  the  June  rain 
must  have  been  at  the  end  of  the  month. 

From  the  measurements  of  Madison  brook  it  appears  that  in 
1835  the  average  runoff  for  the  whole  year,  including  the  snow  on 
the  ground  on  January  1,  was  44.9  per  cent,  or  nearly  one- half 
of  the  rainfall.  Mr  Jervis  points  out  that  on  account  of  the 
storage  of  the  reservoir,  the  Madison  brook  record  can  not  be  taken 
for  the  summer  months,  but  that  the  year  should  be  divided  into 
two  periods.  For  the  first  period  he  gives  the  results  from  Jan- 
uary to  May,  inclusive,  during  which  the  runoff  was  66.2  per 
cent  of  the  rainfall,  and  for  the  second  from  June  to  October, 
during  which  the  runoff  was  24.6  per  cent  of  the  rainfall.  During 
the  second  period,  June  to  October,  inclusive,  Eaton  brook  gave 
a runoff  of  31.9  per  cent  of  the  rainfall.  Mr  Jervis  explains  these 
different  results  by  the  different  characters  of  the  two  districts 
drained.  Eaton  brook  valley  is  narrow,  the  area  drained  steep, 
with  a close-textured  soil.  Madison  brook  valley,  on  the  other 
hand,  is  wider,  with  easy  slopes,  and  the  soil  is  more  porous 
than  that  on  Eaton  brook.  Mr  Jervis  concludes  his  discussion 
with  the  remark  that  Eaton  brook  valley  would  afford  more  than 

iFor  Mr  Jervis’s  original  report  see  appendix  F to  Ann.  Kept.  Canal  Com., 
1835,  Ass.  Doc.  No.  65,  pp.  55-60.  Mr  Jervis’s  tables,  with  extracts  from 
the  report,  are  also  quoted  in  the  following  documents: 

(D  Report  of  F.  C.  Mills,  Chief  Engineer  Gen.  Val.  Can.,  in  appendix  D 
to  Ann.  Kept.  Can.  Com.,  1837,  Ass.  Doc.  No.  80,  p.  81. 

(2)  Report  of  W.  H.  Talcott,  Res.  Eng.  Gen.  Val.  Can.,  1840,  Ass.  Doc. 
No.  96,  p.  51. 

(3)  Report  of  the  Regents  of  the  University,  1838,  Sen.  Doc.  No.  52,  pp. 
208-211. 

(4)  Documentary  History  of  the  New  York  State  Canals  by  S.  H.  Sweet, 
Dep.  State  Eng.  and  Sur.,  1863,  Ass.  Doc.  No.  8,  pp.  203-204. 
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an  average  rimoft'  over  a large  district  of  country,  including  the 
usual  varieties  of  soil,  while  Madison  brook  would  probably  not 
differ  materially  from  the  general  average  in  this  State. 

In  his  documentary  liistor^’^  of  the  New  York  State  canals,^ 
S.  H.  Sweet  analyzes  Mr  Jervis’s  measurements  of  discharge  of 
Eaton  and  Madison  brooks  and  points  out  several  probable  errors,, 
specially  in  the  Madison  brook  result,  where  because  the  measure- 
ments indicate  only  what  was  actually  discharged  through  the 
sluice  pipes  each  day  instead  of  what  drained  off  from  the  valley, 
he  concludes  that  the  real  drainage  of  the  Madison  brook  area  in 
1835  was  about  0.518  of  the  rainfall,  instead  of  0.449,  as  given 
by  Mr  Jervis.  Inasmuch  as  the  Eaton  brook  and  Madison  brook 
measurements  have  only  historical  interest  at  the  present  time, 
this  branch  of  the  subject  is  not  here  pursued  at  length.  So  far 
as  can  be  learned  the  measurements  of  these  two  streams  by 
Mr  Jervis  were  the  first  systematic  measurement  of  the  runoff  of 
streams  in  the  United  States. 

Geologically  Eaton  and  Madison  brooks  lie  in  the  horizon  of 
the  Hamilton  shales. 

>l  \\nil3I  AM)  UIXniDl  FLOA\  OF  STREA^IS 

The  maximum  flow  of  a stream  is  merely  another  name  for 
flood-flow,  and  since  floods  are  very  destructive  in  New  York  the 
general  causes  may  be  briefly  considered. 

A tyx)ical  New  York  stream  rises  in  the  hills  and  mountainous 
country  at  the  sides  of  the  valleys  and  flows  down,  with  declivities 
steepest  at  the  headwaters  and  in  its  lateral  tributaries,  the  main 
stream  growing  flatter  toward  its  mouth.  The  profile  of  nearly 
all  New  York  streams  is  therefore  roughly  concave  in  form. 

Streams  having  a concave  profile  are  ordinarily  divided  into 
three  portions,  as  follows : 

1)  The  upper  or  torrential  portion,  where  erosion  is  active  and 
in  excess  of  deposition. 

2)  The  normal  portion,  where  erosion  and  deposition  are  about 
equal  and  the  stream  is  neither  lowering  nor  raising  its  bed. 

3)  The  alluvial  portion,  where  deposition  exceeds  erosion  and 
the  bed  is  gradually  being  raised,  and  where  also  this  raising  of 

k^nn,  rept.  State  Engineer  and  Surveyor  for  1802. 
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the  bed,  together  with  the  alluvial  banks,  permit  of  sudden  and 
extensive  changes  in  channel  location  at  times  of  floods.  This 
concavity  of  profile,  with  its  resulting  diminution  of  velocity,  is  one 
of  the  potent  factors  in  the  causation  of  floods,  since  it  permits 
flood  waters  to  be  brought  to  points  having  sharp  concavities  of 
profile  or  abrupt  flattening  of  grades  more  rapidly  than  the  chan- 
nel will  carry  the  same  away,  producing  at  such  points  temporary 
accumulations  of  water  with  an  attendant  overflow. 

It  is  not  to  be  understood  that  the  profile  of  any  stream  is  a 
perfectly  smooth  concave  curve,  nor  that  the  grades  grow 
progressively  flatter  without  interruption  as  one  passes  down 
stream.  Local  causes  interfering  with  regularity  of  flow,  and 
geological  formations  interfering  with  the  vertical  erosion  of 
channels,  cause  interruptions  in  the  regularity  of  the  concave 
profile.  The  Genesee  river  is  a characteristic  type  of  this  inter- 
ruption by  geological  causes.  AVhatever  the  regularity  or  irregu- 
larity of  the  profile  may  be,  however,  it  is  safe  to  expect  that  if 
floods  occur  at  all  on  a stream,  they  are  more  certain  to  occur 
Avhere  the  stream  slope  grows  suddenly  or  decidedly  flatter  or 
Avhere  extensive  local  obstructions  or  restrictions  occur. ^ 

In  order  to  correct  the  excessive  flows  produced  by  the  fore- 
going conditions  the  stream  may  be  trained  or  regulated  in  a 
number  of  ways;  such  training  is  commonly  called  river  regula- 
tion or  river  conservancy. 

Antiquity  of  river  regulation  or  consermney. . River  regulation, 
or  river  conservancy,  is  very  old,  and  there  is  scarcely  a x)hase  of 
it  that  has  not  been  considered  at  some  time  in  the  Old  World. 
The  Chinese  rivers,  particularly  the  Hoang-ho,  were  regulated  by 
dykes  and  embankments  over  4000  years  ago.  The  same  is  true 
of  the  Euphrates  and  many  other  rivers  on  which  were  situated 
the  cities  of  the  ancient  Avorld.  This  statement  is  specially  true 
of  the  river  Tiber,  at  Rome.  In  the  year  53  B.  C. — 1957  years 
ago — a proposition  was  brought  forward  in  the  Roman  senate  for 
moderating  the  frequent  inundations  of  this  stream,  which  re- 
sulted in  the  appointment  of  five  senators  as  a river  conservancy 
commission,  to  whom  was  assigned  the  task  of  so  regulating  the 
volume  of  water  in  the  river  that  there  might  be  no  deficiency 


iA))stract  from  the  Report  of  the  Water  Storage  Commission. 
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in  summer  and  no  injurious  excess  in  winter.’^^  So  far  as  known 
this  was  the  earliest  river  conservancy  commission.  This  com- 
mission does  not  appear  to  have  regulated  the  river  very 
effectively,  since  many  inundations  occurred  afterwards,  and  in 
1495  A.  D.  an  accurate  record  of  overflows  was  commenced.  The 
flood  of  1495  was,  with  a few  exceptions,  one  of  the  heaviest 
known.  Since  that  time  serious  floods  have  occurred  on  the  Tiber 
in  1530,  1557,  1598,  1606,  1637,  1660,  1686,  1702,  1750,  1805,  1843, 
1846  and  1870. 

The  town  of  Ostia,  when  founded,  in  633  B.  C.,  was  at  the 
mouth  of  the  Tiber  and  soon  had  80,000  inhabitants.  In  the 
course  of  years  Ostia  was  deprived  of  its  port  by  the  silt  carried 
down  by  the  Tiber.  Thereupon  the  Emperor  Claudius,  about  the 
beginning  of  the  Christian  era,  presented  to  the  Roman  senate 
a project  for  forming  a port  three  miles  from  the  original  mouth. 
A basin,  with  two  moles,  a breakwater,  towers  and  a lighthouse, 
was  executed  and  a canal  opened  to  connect  with  the  river.  This 
canal  silted  up  towards  the  end  of  the  first  century.  The  Emperor 
Trajan  repaired  the  port,  adding  an  internal  basin.  The  canal 
which  still  forms  the  navigable  mouth  of  the  Tiber  was  opened 
about  110  A.  D.  Plutarch,  in  his  life  of  Julius  Csesar,  states  that 
Ciesar  intended  to  remedy  the  evil  by  deepening  the  mouth  of 
the  Tiber,  but  that  his  death  prevented  the  accomplishment  of  this 
task. 

An  extraordinary  inundation  of  the  Tiber  is  mentioned  by  the 
younger  Pliny,  in  his  letter  to  Micrinus,  as  occurring  in  the  reign 
of  Trajan,  who,  as  already  stated,  built  a canal  which  still  exists. 
The  present  length  of  this  canal  is  about  two  and  one-half  miles. ^ 
' In  reference  to  the  reason  why  the  Roman  senatorial  river 
conservancy  commission  did  not  succeed  there  is  but  one  remedy 
which  can  be  applied  to  a river  in  order  that  there  may  be  no 
deficiency  in  summer  and  no  injurious  excess  in  winter,  namely, 
water  storage.  The  valley  of  the  Tiber  does  not  present  the 
proper  conditions  for  applying  this  remedy.  In  its  lower  reaches 
the  Tiber  flows  through  a broad  plain,  while  in  its  upper  reaches, 

iThe  Tiber  and  Its  Tributaries,  by  S.  A.  Smith,  1877,  p.  60. 

2W.  Shelford,  on  Non-tidal  Rivers,  Proc.  Inst.  C.  E.,  Vol.  EXXXII,  pp. 
7-8;  and  The  Tiber  and  Its  Delta,  by  Prof.  Ponzi,  Proc.  Inst.  O.  E.,  Vol. 
XLYII,  pp.  342-344. 
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the  valleys  are  narrow,  with  steep  slopes,  accordingly  rendering 
it  impossible  for  large  quantities  of  water  to  be  stored. 

So  far  as  known,  aside  from  Black  river,  Raquette  river  and  one 
or  two  others  in  this  State,  there  are  no  rivers  anywhere  on  which 
the  task  assigned  to  the  Konian  river  conservancy  commission 
could  be  successfully  applied.  On  Black  river  it  is  not  difficult  to 
construct  a single  reservoir,  which  practically  controls  1889 
square  miles  of  catchment  area.  The  Raquette  river  can  also 
be  thus  controlled  by  a single  dam  at  Tapper  lake.  If  it  were 
not  for  the  location  of  towns  near  the  water  level,  the  Seneca 
river  could  be  controlled  by  a series  of  dams  at  the  foot  of  the 
Finger  Lakes. 

River  regulation  on  the  Seine.  The  Seine  is  the  most  important 
river  of  France,  not  only  on  account  of  its  being  the  highway  for 
a flourishing  inland  trade,  but  in  consequence,  of  engineering  works 
which  have  been  carried  out  for  its  improvement.  On  this  stream, 
the  same  as  on  others,  the  occurrence  of  high  floods  is  due  to  the 
concentration  of  the  rainfall  at  special  periods  of  the  year.  The 
rainfall  is 'considerably  greater  in  the  summer  than  in  the  winter 
months,  but  owing  to  evaporation  the  rains  of  summer  have  com- 
paratively little  influence  upon  the  flow  of  the  river,  although  a 
lieav}^  rain  during  the  winter  months  falling  upon  a saturated 
soil,  when  evaporation  is  inactive,  causes  a flood  of  which  the 
hight  depends  upon  the  amount  of  saturation  of  the  basin  by 
previous  rains  and  the  duration  of  the  rainfall.  Daily  readings 
of  the  hight  of  the  river  have  been  kept  at  Paris  since  1732. 
During  this  time,  thirty-one  ordinary  floods,  twelve  extraordinary, 
and  two  exceptional  floods,  in  December,  1740,  and  in  January, 
1802,  have  occurred.  A list  is  also  given  of  five  exceptional  floods 
occurring  between  1649  and  1732.  In  1658  a severe  flood  followed 
the  breaking  up  of  the  ice  in  the  river  after  severe  cold  weather 
lasting  five  weeks.  Of  the  forty-five  large  floods  recorded  since 
the  commencement  of  the  daily  observations  in  1732  only  three 
occurred  in  the  warm  season,  two  of  them  appearing  in  the  month 
of  May  and  one  in  the  month  of  September.  The  foregoing  shows 
that  regular  floods  of  the  Seine  at  Paris  are  almost  wholly  con- 
fined to  the  cold  season.^ 

iTbe  River  Seine,  by  L.  F.  Yernon-Harcourt,  Proc.  Inst  C.  E.,  Vol. 
LXXXIV,  p.  210. 
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A record  of  floods  has  also  been  kept  on  a number  of  other 
important  French  rivers,  as  the  Garonne,  of  which  special  studies 
were  made  over  forty  years  ago,  the  Loire  and  the  Rhone,  all  of 
which  are  the  subject  of  special  extended  memoirs. 

A number  of  rivers  of  Germany  and  Austria  have  been  studied 
carefully  for  from  50  to  100  years,  but  in  the  United  States  sub- 
stantially nothing  had  been  done  until  about  twenty  years  ago, 
from  whence  it  results  that  river  conservancy  is  a new  subject 
here,  many  persons  supposing  that  nothing  has  ever  been  done 
anywhere. 

Definition  of  river  regulation  or  conset^ancy.  The  term  river 
regulation  or  conservancy  may  be  considered  as  comprising  the 
following  objects: 

1)  The  preservation  and  improvement  of  a stream  for  domes- 
tic, sanitary  and  industrial  purposes. 

2)  In  the  case  of  navigable  streams,  their  maintenance  and 
regulation  for  navigation. 

3)  The  culture  and  preservation  of  fish. 

4)  The  effectual  drainage  of  the  district  through  which  a 
stream  runs. 

5)  The  abatement  of  injury  to  lands  by  floods. 

The  cause  of  floods  is,  broadly,  excessive  and  irregular  rain- 
fall, although  very  heavy  rainfalls  may  occur  without  causing 
a flood.  General  statements  of  why  this  is  so  have  been  made 
in  the  preceding  paragraph  regarding  the  river  Seine.  Indeed, 
an  investigation  into  rainfall  shows  that  the  intensity  of  floods 
is  due  only  very  remotely  to  the  amount  of  rainfall.  On  the 
contrary,  floods  are  very  closely  related  to  hight  of  ground 
water.  On  Genesee  river,  in  August,  1893,  when  as  the  result  of 
a serious  summer  drought  ground  waiter  was  very  low,  a rainfall 
of  several  inches  only  produced  a slight  flood  of  about  4000  cubic 
feet  per  second,  whereas  in  July,  1902,  preceded  by  rain  enough 
to  fill  the  ground  with  water,  about  the  same  amount  of  sud- 
den rainfall  produced  a devastating  flood  of  from  20,000  to 
30,000  cubic  feet  per  second.^  Manj^  other  examples  could  be 

1 Floods  on  Genesee  river  varj'  greatly  in  intensity.  A flood  of  from 
30,000  to  40,000  cubic  feet  per  second  at  IMount  Morris  is  not  likely  to  pro- 
duce, owing  to  temporary  storage  on  the  flats,  a flood  of  more  than  20,000 
cubic  feet  per  second  at  Rochester.  The  preceding  statement  considers  the 
flood  as  measured  at  Mount  Morris. 
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cited  of  this  general  truth,  but,  as  the  object  at  present  is  not 
specially  to  multiply  proof  on  this  point,  a single  one  is  sufficient, 
although  it  is  proper  to  remark  that  the  same  phenomenon  has 
been  observed  on  many  other  streams. 

Torrential  and  gently  flowing  rivers.  In  addition  to  the  classi- 
fication as  to  concavity  of  profile,  given  on  a preceding  page,  rivers 
may  be  divided  into  two  classes;  (1)  torrential,  and  (2)  gently 
flowing  rivers.  The  rivers  of  the  first  class  have  considerable 
fall  and  usually  floAv  over  impermeable  strata,  while  those 
of  the  second  class  flow  over  alluvium.  Many  of  the 
streams  of  New  York  State  belong  to  both  classes — in 
their  upper  reaches  they  are  torrential,  Avhile  in  their 
lower  they  are  gently  flowing.  This  distinction  is  important  to 
bear  in  mind  in  treating  of  tlie  question  of  floods,  because  the 
floods  of  torrential  rivers,  while  high,  are  of  brief  duration. 
Gently  flowing  rivers,  on  the  contrar^q  have  lower  floods,  but  they 
continue  for  a longer  time  and  are  therefore  likely'  to  be  much 
more  injurious.  In  New  York  State  the  torrential  streams  gener- 
ally flow  through  deep  valleys  and  in  many  cases  present  excellent 
opportunities  for  water  storage.  Usually  the  valleys  of  gently 
flowing  streams  are  not  suitable  for  storage  reservoirs^ — the  cost 
of  the  necessary  barrage  would  in  many  instances,  at  any  rate, 
prove  insuperable.^ 

General  principles  of  river  regulation  as  defined  hy  von  Wex. 
Perhaps  as  interesting  a paper  as  any  is  one  by  Gustav  Ritter 
von  Wex,  Ib-ivy-Councijor  to  tlie  I'Unperor  of  Austria,  in  which 
the  governing  principles  of  river  regulation  are  so  clearly  set 
forth  that  one  can  hardly  do  better  than  to  give  an  extended 
extract  ‘ therefrom.  Yon  tYex’s  memoir  is  limited  to  a brief 
general  summary  of  the  first  principles  requisite  to  the  successful 
regulation  of  intractable  rivers.  The  quotation  follows : 

In  every  case,  first  of  all  the  u]>per  course  of  the  river  must 
be  dealt  with  separately,  and  then  the  lower  portion  of  it,  to- 
gether with  its  mouth,  whether  it  empties  itself  into  an  estuary 
or  into  the  open  sea. 

From  long  experience  it  has  been  ascertained  that  every 
river  or  stream,  following  its  natural  course  through  wide  tracts 

^Tlie  Conservancy  of  Rivers,  by  Win.  IT.  Wiieeler  ami  Arthur  Jacob, 
Rroc.  Inst.  C.  E.,  Yol.  LXYII.  pp.  201  and  233. 
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of  level  coiiiitrj,  invarialblj’,  if  the  banks  consist  of  deposits  of 
earth  or  gTavel,  attacks  them,  the  lighter  particles  being  earned 
awa}-,  the  heavier  being  deposited  in  the  bed  of  the  stream,  so 
that  in  course  of  time  its  width  increases  while  its  depth  de- 
creases, and  at  the  same  time  islands,  sandbanks,  bends,  creeks 
and  bj-^channels  are  formed. 

In  rivers  thus  left  to  nature,  the  fall,  mean  velocity  and 
force  of  the  current  are  continually  decreasing  while  the  river- 
bed is  rising;  this  naturally  raises  the  general  water-level 
relatively  to  the  adjoining  countiw,  and  exposes  it  to  frequent 
inundation,  the  effects  of  which  are  disastrous  floods  and  tlie 
formation  of  innumerable  branches  and  by-channels  which  inter- 
sect the  whole  country,  flooding  and  swamping  it  at  every  rise 
of  the  mver,  and  rendering  it  in  time  unfit  for  habitation  by 
either  man  or  beast.  Instances  of  this  kind  are  at  the  present 
time  to  be  met  Avith  in  many  parts  of  the  world,  notably  in  Asia, 
Africa  and  America. 

In  order  to  deal  effectually  with  such  cases,  namely,  to  abate 
the  floods,  and  to  prevent  disasters  accompanying  them,  as  well 
as  the  ultimate  formation  of  trackless  swamps,  the  following 
procedure  is  recommended : 

1)  A new  channel  folloAving  the  course  of  the  valley  should 
l>e  carefully  laid  doAvn  bj"  the  superintending  engineer,  either  in 
a direct  line  or  Auith  easy  bends,  and  Avhen  excavated,  the  entire 
body  of  water  should  be  admitted  into  this  new  channel,  the  old 
bed  and  all  by^channels  being  filled  up. 

2)  Having  carefully  determined — 

a)  The  discharge  ])er  second  at  Ioav,  mean  high  water  level 
of  a cross-section  of  the  river,  either  immediately  above  or  imme- 
diately below  the  portion  to  be  regulated,  and 

b)  The  increased  fall  AAdiich  the  neAV  channel  will  afford; 
then  the  sectional  area  of  the  new  bed  must  be  fixed,  according 
to  approA^ed  hydraulic  formulas,  so  as  to  allow  of  the  passage  of 
either  an  ordinary  or  an  extraordinary  A^olume  of  water. 

3)  The  Avater  having  been  admitted,  the  next  thing  is  to 
protect  the  banks  by  random  rubble  or  by  stone  pitching  in  order 
to  prevent  the  action  of  the  current  injuring  them,  or  forming 
bends  or  creeks. 

4)  After  the  completion  of  the  above,  the  old  river  bed  and 
by-channels  should  be  filled  up,  the  land  thus  reclaimed  should 
by  degrees  be  brought  under  cultivation ; in  the  same  manner  the 
marshy  tracts  exposed  hitherto  to  inundation,  and  fertilized  by 
the  deposit  therefrom,  should  be  raised  by  a coating  of  rich  soil. 

5)  If  exceptionally  high  floods  still  overflow  the  banks  and 
inflict  loss  and  damage  to  the  freshly  cultivated  valley,  dykes  at 
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siiitaible  distances  apart  will  be  necessary  to  confine  sncli  floods, 
and  enable  them  to  flow  off  gradually  without:  causing  damage. 

From  forty-eight  years’  observation  and  experience  of  exten- 
sive works  undertaken  for  the  improvement  of  rivers,  the  author 
can  confidently  affirm  that  by  careful  attention  to  the  points 
above  recommended,  even  the  most  tortuous  rivers  and  the 
swampiest  valleys  have,  generally  within  a few  years,  but  in 
some  cases  only  after  many  years,  yielded  the  most  satisfactory 
results,  as  for  instance — 

a)  The  increase  of  fall  due  to  the  more  uniform  section  and 
more  direct  course,  and  the  concentration  and  confinement  of  the 
stream  within  a single  channel  provided  with  firm  banks,  con- 
siderably 'increases  the  force  and  velocity  of  the  current,  which 
tend  to  deepen  the  channel,  and  to  carry  away  the  material  thus 
scoured  out  as  well  as  that  brought  down  from  above. 

b)  By  lowering  the  bed  of  the  river,  in  some  cases  to  the 
extent  of  from  3 to  6 feet,  the  general  water  level,  both  of  the 
river  and  of  the  ground  springs  in  the  neighborhood,  is  propor- 
tionately lowered,  so  that  the  adjoining  country  is  less  liable 
to  inundation,  and  the  swamps  are  more  easily  drained  and 
brought  under  cultivation. 

c)  The  velocity  being  accelerated  in  the  new  channel,  as 
shown  by  (a),  floods  pass  off  more  rapidly  and  do  not  rise  so 
high,  consequently  the  low  country  is  seldom  or  never  under 
water,  or  at  any  rate  not  to  the  same  extent  as  before.  If,  how- 
ever, these  lesser  and  lower  floods  are  to  be  entirely  prevented, 
dikes  parallel  to  the  course  of  the  river  must  be  added. 

d)  In  rivers  exposed  to  the  action  of  frost,  floating  ice  is 
apt  to  accumulate  in  the  unregulated  portions  of  its  course, 
especially  at  sharp  bends,  and  on  shallows  and  sandbanks,  occa- 
sionally to  such  an  extent  as  entirely  to  obstruct  the  flow  of 
the  stream,  and  to  raise  the  water  in  the  river  to  such  a hight 
that  it  overflows  the  banks,  inundates  the  neighboring  country, 
and  spreads  ruin  far  and  wide. 

When  once  a river  has  been  regulated  this  can  not  take  place, 
as  there  would  then  be  nothing  to  hinder  the  free  passage  of 
floating  ice,  and  should  a temporary  stoppage  occur,  the  concen- 
trated force  of  the  current  would  soon  overcome  every  obstacle, 
by  raising  the  blocks,  and  bearing  them  away  without  causing 
any  flood. 

e)  It  is  a matter  of  general  experience  that  even  in  a deep 
river  following  a winding  course  and  dividing  into  numerous 
branches  navigation  is  often  obstructed  to  such  an  extent  that 
the  river  (becomes  all  but  impassable,  yet  when  the  same  river 
has  been  regulated,  a direct  channel  is  provided,  facilitating 
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traffic  and  eoiiiiiierce,  and  increasing’  the  prosperity  of  the 
conntry  already  iinproyed  by  drainage  and  cultivation. 

f)  On  the  banks  of  many  rivers  left  to  nature  but  a scanty 
population  exists,  invariably  affected  and  often  decimated  by 
epidemics,  and  generally  exhibiting  an  imperfect  physical  and 
mental  development.  After  regulation,  and  by  draining  and 
cultivating  the  adjoining  country,  these  evils  disappear,  the 
inhabitants  improve  in  health,  strength  and  intelligence,  the 
population  increases,  new  villages  spring  up,  and  p/ix)sperity 
reigns  where  before  disease  and  poverty'  were  rife.  The  govern- 
ment earns  the  hearty  thanks  of  all  thus  benefited,  and  has  at 
the  same  time  fully  recouped  the  capital  laid  out  on  the  works 
by  the  increased  revenues  derived  from  the  improved  condition 
of  the  country. 

tVhere  such  an  improvement  of  tlie  waterway  has  been 
rationally  executed,  in  accordance  with  the  paiTicular  nature 
and  requirements  of  the  locality,  most,  if  not  all,  of  the  above 
advantages  have  been  secured;  as  may  be  proved  by  numerous 
instances  of  works  of  the  kind  executed  years  back  in  France,. 
Germany,  Austria,  Switzerland  and  Italy.  Moreover,  the  fact 
that  the  chambers  of  deputies  of  these  states  have,  during  the 
last  few  years,  repeatedly  devoted  hundreds  of  millions  of  florins 
to  the  completion  of  works  already  begun,  and  to  new  under- 
takings of  the  same  kind,  is  a proof  that  the  importance  and 
advantage  of  such  improvements  are  fully  recognized. 

As  a complete  descri])tion  of  even  llie  most  important  works 
of  this  kind  would  far  exceed  the  limits  of  a short  paper,  the 
author  must  confine  himself  to  a brief  review  of  those  success- 
fully accomplished  on  the  Rhine. 

The  Rhine,  between  Basle  and  Manidieim,  has  for  centuries 
followed  a tortuous  course,  abounding  in  sharp  bends  and 
dividing  into  many  branches,  through  a valley  between  5000  and 
GOOO  metres  broad.  Having  further  repeatedly  shifted  its  course, 
the  whole  valley  became  cut  up  by  old  channels;  to  a considerable 
extent,  too,  its  natural  fall  was  lost,  owing  to  its  sinuous  course, 
and  consequently  the  rate  and  force  of  the  currents  were  so  much 
diminished  that  deposit  accumulated  everywhere,  raising  the 
l>ed  of  the  river  and  mean  water-level  to  such  a degree  that  the 
adjoining  country  was  little  better  than  a swamp.  The  bed  of 
the  Rhine  being  thus  elevated,  and  its  course  so  irregular,  the 
flood-water  could  not  flow  off  rapidly  enough,  but  spread  abroad, 
inundating  the  neighborhood,  and  destroying  whole  villages  and 
townships. 

The  riverside  communities  had  in  all  ages  attempted,  by  dams 
and  other  protective  Avorks,  to  abate  these  evils,  but  with  little 
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success,  as,  owing'  to  the  wiinling  course  of  the  river,  the  floods 
confined  at  one  ])oint  escaped  at  anoither,  and  took  their  defenses 
in  reverse.  This  deplorable  condition  of  the  Rhine  valley  con- 
tinued until  the  ooiinmen cement  of  the  present  century,  when  the 
population,  already  greatly  reduced  by  poverty  and  disease,  was 
daily  decreasing  owing  to  emigration  to  America. 

Colonel  Tulla,  of  the  engineers,  an  eminent  authority  on 
hydraulics  at  that  time,  by  repeated  and  unremitting  exertions, 
induced  the  government,  in  1817,  to  undertake  a thorough  survey 
of  the  entire  Rhine  valley.  Upon  that  survey  was  based  the 
project  for  the  radical  regulation  of  the  Rhine  bed,  which  was 
appro'v^d  and  ratified  by  treaty  between  the  border  states  of 
France,  Bavaria  and  the  Grand  Duchies  of  Baden  and  Hesse, 
and  according  to  which  the  regulation  of  the  Rhine  was  carried 
out  during  the  years  1819-1863. 

The  work  consisted  in  regulating  the  course  of  the  river  and 
making  it  more  direct.  This  necessitated  the  excavation  of 
tv’entjT-three  considerable  cuts,  Avhlch  reduced  the  distance  by 
river  between  Mannheim  and  Basle  from  252  to  169  kilometres, 
and  increased  the  fall  30  per  cent.  Further,  the  stream  was 
confined  to  a uniform  channel  of  suitable  section,  both  banks 
were  substantially  protected,  the  old  river  bed  and  all  branches 
were  filled  in,  and  the  land  thus  reclaimed  was  for  the  most  part 
brought  under  cultivation. 

The  above  mentioned  regulation  of  the  Rhine  may  be  con- 
sidered one  of  the  most  extensive  and  interesting  undeidakings 
of  the  kind  ever  attempted  in  Europe.  It  is  proved  that  the 
following  advantages  have  been  secured: 

a)  The  river  has  undeviatingly  followed  the  new  course  pro- 
vided for  it;  has  deepened  its  bed  to  the  extent  of  two  metres  in 
some  places,  and  lowered  the  mean  water-level  proportionately. 
Flood-water  also  has  been  passed  more  quickly. 

b)  The  genera]  water-level  being  thus  reduced  in  hight,  ex- 
tensive tracts  of  swampy  ground  have  been  laid  dry  and  con- 
verted into  fertile  arable  land.  Further,  more  than  20,000  hec- 
tares of  old  river  bed,  water-holes  and  sandbanks  have  been 
reclaimed,  and  brought  in  a great  measure  under  cultivation; 
and  lastly,  the  low-lying  tracts  are  now  no  longer  exposed  to 
inundations. 

c)  The  sanitary  condition  of  the  Rhine  valley  has  visibly  im- 
proved, and  the  general  prosperity  of  the  inhabitants  materially 
increased. 

d)  According  to  the  concurrent  reports  of  experts,  govern- 
ment officials  and  local  authorities,  the  benefits  derived  from  the 
regulation  of  the  Rhine  are  so  considerable  that  the  capital  laid 
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out  has  been  amply  repaid.  Wherefore,  in  grateful  recognition 
of  the  eminent  services  rendered  by  Colonel  Tulla,  the  original 
promoter  of  the  scheme,  a statue  has  been  erected  in  his  honor 
at  Maxau  on  the  banks  of  the  river. 

In  one  respect  only  has  the  regulation  of  the  river  not  ful- 
filled the  expectations  of  its  promoters,  viz.  the  extensive  sand- 
banks formed  at  the  confluence  of  its  tributaries  have  rendered 
inter-communication  with  them  both  difficult  and  dangerous, 
because  these  feeders  to  the  main  stream  enter  it  across  bars 
little  more  than  0.60  or  1.50  metre  below  low-w^ater  level. 

Had  the  hydraulic  engineers  in  1817  correctly  determined 
the  minimum  discharge  of  the  Khine,  and  at  the  same  time 
anticipated  a probable  decrease  of  the  same,  they  would  have 
diminished  the  waterway,  and  thereby  considerably  reduced  the 
deposit  formation  of  such  sandbanks  so  that  the  channels  of 
communication  ibetween  the  Rhine  and  its  tributaries  would 
have  remained  more  open  to  navigation. 

m 

In  addition  to  the  foregoing  general  principles,  applying  more 
particularly  to  the  non-tidal  portion  of  rivers,  rivers  emptying  into 
the  sea,_or  into  an  arm  of  the  sea,  may  require  special  treatment, 
and  while,  aside  from  the  Hudson  river,  there  are  few  such  in 
this  State,  and  although  the  improvement  of  this  stream  has  been 
assumed  by  the  Federal  government,  nevertheless  it  is  proper  to 
briefly  consider  the  general  principles  governing  such  an  im- 
provement. 

Generally  speaking,  the  regulation  of  rivers  flowing  into  the 
sea  is  more  costly  than  that  hitherto  treated  of,  because  the  vol- 
ume of  water  is  greater  and  the  yielding  nature  of  the  silt  forming 
the  beds  and  banks,  together  with  the  violence  of  the  stream  and 
force  of  the  waves,  render  it  necessary  that  whatever  the  form  of 
protection,  it  shall  have  solid  foundations  and  be  executed  in  the 
most  substantial  manner. 

The  works  necessary  for  the  perfect  regulation  of  such  a river 
consist  of ; 

1)  Rendering  the  course  as  nearly  straight  as  possible  in  order 
to  increase  the  fall. 

2)  Inclosing  the  river  at  or  near  its  outfall  by  means  of  dykes 
or  jetties,  and  continuing  the  same  beyond  the  bar  and  far  enough 
out  to  sea  to  enable  the  current  to  carry  the  sand  and  mud  away, 
thus  preventing  the  formation  of  a bar  at  the  mouth. 
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3)  lu  order  to  protect  the  adjoining  country  from  tidal  inunda- 
tioiij  it  will  be  necessary  to  construct  on  either  bank,  dykes  at 
such  distances  that  at  ebb  tide  the  force  of  the  river  will  be 
sufficient  to  carry  out  to  sea  the  silt,  etc.,  deposited  during  the 
inflowing  of  the  tide. 

The  foregoing  principles  of  river  regulation  are  general  in  their 
character,  and  apply  in  some  degree  to  every  river  in  the  United 
States.^ 

In  regard  to  the  definition  of  river  conservancy  as  given  on  a 
preceding  page,  it  may  be  mentioned  that  the  third  head — the 
culture  and  preservation  of  fish — has  already  been  fully  cared 
for  by  the  Forest,  Fish  and  Game  Commission  .of  this  State,  and 
in  regard  to  the  second  head — the  maintenance  and  regulation  of 
streams  for  navigation — this  phase  of  the  subject  has  been  under- 
taken by  the  Federal  government  and  is  therefore  not  specially 
considered  here.  The  first  head — the  preservation  and  improve- 
ment of  a stream  for  domestic,  sanitary  and  industrial  purposes 
— the  fourth  head — the  effectual  drainage  of  the  district  through 
which  the  stream  runs — and  the  fifth  head — the  abatement  of 
injury  to  lands  by  floods — are  specially  considered.  The  three 
heads  are  interrelated  and  the  discussion  may  proceed  without 
further  special  subdivision. 

Flood  overflows  not  necessarily  injurious.  Flood  flows,  when 
occurring  either  late  in  the  fall  or  early  in  the  spring,  are  not 
only  not  necessarily  injurious,  but  may  be  a source  of  consider- 
able benefit  to  agriculture.  Streams  carry,  when  in  flood  flow, 
a large  amount  of  silt  which  is  valuable  for  manure,  which 
enriches  land,  and  when  the  inundation  is  annual,  it  may  be  a 
source  of  unending  fertility.  To  cite  one  case,  the  river  Nile 
has  maintained  the  fertility  of  its  valley  from  time  immemorial 
trom  this  source.  The  same  thing  is  true  on  the  Mohawk  and  Gen- 
esee rivers,  and  many  other  streams  of  this  State. 

It  is  also  true  that  floods  in  the  late  spring  or  early  summer, 
after  crops  have  been  planted,  may  be  a source  of  very  serious 
damage.  During  the  summer  of  1902  very  serious  floods  occurred 
in  the  month  of  July.  Probably  the  damage  from  such  floods  in 

^The  Regulation  of  Rivers  and  Waterways,  With  a View  to  the  Prevention 
of  Floods,  by  Gustav  Ritter  von  Wex,  Proc.  Inst.  C.  E.,  Vol.  LXIX,  p.  323. 
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New  York  State  exceeded,  in  1902,  |3, 000, 000.  If ‘damages  of 
every  kind  could  be  reckoned  they  Avoiild  amount  to  at  least 
$1,000,000  in  any  year. 

Irrigating  streams.  Thei-e  is  a class  of  sti’eams  which,  through 
the  tendency  to  elevate  their  beds  and  widen  their  channels,  noted 
in  a previous  section,  have  actually  raised  themselves  several  feet, 
and  in  some  cases  twenty  to  thirty  feet,  above  the  surrounding 
country,  so  that  whenever  there  is  an  overflow  from  the  main  chan- 
nel, the  water  runs  away  from  the  streams,  considerably  compli- 
cating the  construction  of  permanent  regulation  works.  Bat  there 
are,  fortunately,  only  a few  such  streams  in  this  State  and  none 
of  those  very  important.  The  Missouri,  Mississippi,  Ked  and 
other  rivers  niay  be  cited  as  streams  of  this  character.  The  writer 
also  remembers  the  case  of  the  Clear  fork  of  the  Brazos  river, 
in  Texas,  where  a railway  bridge  crossing  the  stream  was  set 
level,  with  a down  grade  to  the  east  for  one  half  mile  of  20  feet,  or 
the  country  one-half  mile  east  of  the  stream  was  about  20  feet 
lower  than  at  the  stream.  There  was  also  a down  grade  to  the 
west  of  from  20  to  30  feet  per  mile,  for  one  and  one  half  miles. 
The  writer’s  recollection  is  that  two  miles  Avest  the  country  was 
about  30  feet  lower  than  at  the  stream. 

Insufficient  icatenvay  of  bridges.  One  main  reason  Avhy  bridges 
are  so  frequently  carried  away  in  floods  is  because  of  insufficiency 
of  the  waterway  s.  Every  student  of  hydrology  understands  that 
the  catchment  above  a bridge  should  be  ascertained,  and  a water- 
way', large  enough  to  allow  for  all  contingencies,  provided.  Never- 
theless, under  the  system  of  building  bridges  by  road  commission- 
ers, this  is  hardly  ever  done.  Economy  seems  to  be  the  sole 
consideration.  The  result  is  that  bridges  are  carried  away,  and 
the  writer  ventures  the  opinion  that  enough  money  has  been  spent 
in  the  State  of  New  York  on  renewal  of  highway  bridges  alone  in 
the  last  ten  to  twenty  years  to  make  permanent  bridges  over  every 
stream  in  the  State.  -So  long  as  the  fact  remains  as  it  is,  the 
writer  can  not  but  think  that  the  carrying  away  of  such  bridges 
is  due  rather  to  the  lack  of  definite  knowledge  on  the  part  of  the 
road  commissioners  than  to  severity  of  floods. 

Before  designing  a permanent  bridge,  the  catchment  area  above 
the  proposed  location  should  be  ascertained,  together  with  the 
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heaviest  rainfall.  In  case  there  happens  to  be  gagings  of  the 
stream,  the  maxi  mum  runoff  may  be  obtained  from  the  gagings, 
but  thus  far  there  are  gagings  of  comparatively  few  of  tlie  New 
York  streams,  and  probably  the  flood-flow  will  require  to  be  com- 
puted. As  to  just  how  this  is  accomplished  is  foreign  to  the 
purpose  of  this  report,  but  it  may  be  simply  stated  that  there  is 
no  special  difficulty,  provided  that  the  data  of  catchment  and 
rainfall,  together  with  the  steepness  of  slope,  length  of  catchment, 
etc.  are  known,  in  computing  a flood-flow  from  which  a bridge 
opening  may  be  ascertained  that  will  be  large  enough  to  carry 
the  maximum  flood. 

Lack  of  data  a source  of  difficulty.  One  difficulty  in  design- 
ing regulation  works  arises  from  lack  of  data  and  in  order  to 
render  data  of  this  character  accurate  within  2 or  3 per  cent 
there  should  be  a record  about  thirty  years  long.  Such  a record 
should  include  rainfall,  maximum,  or  flood-flows,  and  minimum, 
or  low-water  flows.  In  this  way  only  can  accurate  knowledge  of 
the  regimen  of  streams  be  gained. 

River  conservancy  in  E^igland,  Germany  and  France.  In 
England,  largely  due  to  the  prevalence  of  the  common  law  rule 
that  every  riparian  proprietor  owns  to  the  thread  of  the  channel, 
river  conservancy  has  not  made  the  progress  which  it  should.  The 
taxpayers  have  generally  insisted  that  all  who  are  to  be  taxed 
have  a voice  in  determining  the  kind  of  regulation  to  be  carried 
out.  The  result  is  that  many  imjjortant  works  have  not  been 
undertaken,  and  on  many  streams  the  work  has  been  carried 
out  piecemeal,  thus  greatly  increasing  the  expense,  with  ineffectual 
results. 

In  Germany  the  system  is  quite  different.  Here  the  State 
assumes  control  of  the  main  and  navigable  rivers,  defraying  the 
expenses  of  their  management  out  of  tolls  collected  from  those 
using  the  streams  for  navigation,  mill  power  and  other  purposes. 
The  State  claims  absolute  ownership  in  the  waters  and  prevents 
any  interference,  even  with  tributary  streams.  In  some  cases 
the  riparian  owners  may  combine  for  purposes  of  draining  lands 
and  flood  protection.  On  application  to  the  government  they  are 
constituted  a conservancy  authority,  armed  with  powers  to  compel 
those  who  fail  in  their  duty  to  construct  the  necessary  protection 
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works,  or  to  maintain  them.  They  may  also  tax  all  those  who 
are  benefited,  but  have  no  power  to  tax  those  occupying  lands 
outside  of  the  reach  of  floods.  The  State  contributes  a portion  of 
the  cost  of  protection  works  where  such  works  have  the  effect 
of  improving  laud  and  increasing  its  taxable  value,  on  the  prin- 
ciple that  such  increase  is  a source  of  profit  to  the  State.  The 
State  also  grants  aid  to  townships,  and  if  it  becomes  evident  that 
nothing  will  cure  the  evil  of  flooding  but  a diversion  of  a part 
of  the  water,  the  State,  by  virtue  of  its  property  in  the  water, 
executes  the  work  gratuitously. 

The  system  of  river  conservancy  in  France  is  somewhat  different 
from  the  German.  In  this  countr}^  the  general  government  has 
always  undertaken  the  conservancy  of  navigable  streams,  and  has 
recouped  itself  from  navigation  dues  and  other  charges,  but  lat- 
terly taxation  of  this  kind  has  been  mostly  abolished,  and  the 
government  is  now  chargeable  with  nearly  all  the  expenses  con- 
nected with  the  conservancy  of  rivers,  though  in  certain  cases  the 
owners  are  also  taxed  in  proportion  to  their  interests.  In  May, 
1858,  it  was  enacted  that  the  State  should  undertake  works  for 
the  protection  of  towns  from  inundation,  providing  also  that  the 
departments,  communes  and  owners  should  contribute  to  the  cost 
of  the  works  in  proportion  to  their  respective  interests.  There  is 
an  inland  navigation  system  on  nearly  every  river  of  any  import- 
ance in  France,  which  has,  perhaps,  to  some  extent,  influenced  the 
action  of  the  State.^ 

The  storage  dam  on  the  Furens  river,  at  Saint-Etienne,  was 
built  to  protect  the  city  of  Saint-Etienne  from  floods.  About 
64  per  cent  of  the  total  cost  was  paid  by  the  city  of  Saint-Etienne, 
and  the  balance  was  paid  by  the  department.  The  cost  of  con- 
struction of  the  Terney  dam,  also  in  France,  was  borne  by  the 
State,  town  and  manufacturing  interests.  A number  of  other 
storage  dams  have  been  built  in  Finance  in  recent  ^^ears  by  a com- 
bination of  the  general  government,  department  government,  local 
or  municipal  government  and  private  interests  benefited. 

Tlw  cause  of  floods.  While,  broadly,  the  cause  of  floods  has 
been  stated  as  irregularity  in  the  rainfall,  we  may  now  go  some- 

^The  Conservancy  of  Rivers,  AYlieeler  and  Jacob,  Proc.  Inst.  C.  E., 
Vol.  XLVII,  pp.  246  and  311. 
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what  further  into  the  detail  than  this  statement  implies.  The 
clearing  up  of  lands  and  drainage  of  towns,  together  with  farm 
drainage,  are  all  efficient  causes  for  floods.  In  a general  way,  the 
water  falling  in  the  form  of  rain  or  snow  runs  off  by  these  various 
means  quicker  than  formerly.  In  the  meantime  the  channels  of 
rivers  have  not  been  correspondingly  enlarged  to  meet  the  in- 
creased demands  upon  them,  with  the  result  that  overflows  fre- 
quently ensue.  An  examination  of  rainfall  statistics  shows  that 
as  a whole  the  rainfall  is  no  greater  now  than  formerly,  and  the 
increased  frequency  of  floods  must  therefore  be  ascribed  to  not 
only  irregularity  in  the  rainfall,  but  to  the  greater  rapidity  with 
which  water  runs  off.  Broadly,  we  may  say  that  the  higher  the 
degree  of  civilization,  the  more  quickly  will  surface  water  be 
discharged,  and  hence,  without  there  is  a corresponding  increase 
in  the  discharging  capacity  of  streams,  floods  will  become  more 
frequent,  with  their  attendant  evils. 

Frequency  of  fioocls.  This  matter  has  been  referred  to  in  a 
preceding  chapter,  discussing  floods  on  the  Tiber  and  Seine. 
Very  serious  floods  have  occurred  on  these  streams  as  often  as 
about  once  in  thirty  to  fifty  years.  In  the  United  States  there 
are  no  records  long  enough  to  show  certainly  how  often  floods  may 
be  expected,  but  probably  their  periods  will  not  be  materially 
different  from  these  streams — in  some  cases,  heavy  floods  have 
occurred  on  the  Tiber  only  a few  years  apart  and  it  is  intended  to 
indicate  here  only  very  general  averages. 

Are  storage  reservoirs  effectual  m preventing  floods  f There 
is  considerable  doubt  about  storage  reiservoirs  being  a universal 
remedy  for  floods.  On  some  streams  excessive  cost  would  pre- 
clude their  use — that  is  to  say,  the  benefits  received  would  not 
be  commensurate  with  the  expense.  On  other  streams  their  use 
may  be  of  the  greatest  value.  On  the  Genesee  river,  41  per  cent  of 
the  total  catchment  area  can  be  controlled  by  a reservoir;  on 
Salmon  river,  55  per  cent ; on  Black  river,  90  per  cent,  and  on  the 
upper  Hudson  river,  50  per  cent.  On  all  these  streams  the  percent- 
age of  control  is  large  enough  to  prevent  destructive  overflows. 

Views  of  French  engineers.  The  utility  of  storage  reservoirs 
in  diminishing  damage  from  floods  was  taken  under  considera- 
tion in  France  in  1856.  Investigations  made  in  the  valleys  of 
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liie  ►Seine,  llie  Khone,  tlie  Loire,  the  Garonne  and  other  import- 
ant rivers  resulted  in  a decision  not  to  carry  out  the  numerous 
reservoirs  ^^hich  had  been  i)roposed,  owing  to  the  uncertainty 
and  doubtful  etiieacy  of  their  action  in  hoods. 

Further  investigations  were  made  after  the  inundations  of 
1875.  These  latter  observations  show  that  in  the  case  of  the 
Garonne,  a reservoir  capacity  of  about  20,000,000,000  cubic  feet 
would  be  required  to  protect  Toulouse,  and  one  of  50,000,000,000 
to  60,000,000,000  cubic  feet  to  protect  Agen  and  the  rest  of  the 
basin.  Unfortunatel}',  the  capacity  of  the  reservoirs  which  could 
be  constructed  in  the  upper  valley  of  the  Garonne  would  amount 
to  onl}'  about  one-sixth  of  that  required  for  protecting  Toulouse. 
The  investigations  led  to  similar  conclusions  in  the  case  of  the 
lower  Garonne,  and  the  other  principal  river  basins  in  France.^ 

In  one  particular  the  French  engineers  seem  to  have  been  far 
from  right  in  their  investigation  of  the  utility  of  storage  reser- 
voirs. Thus  the  statement  is  made  that  such  reservoirs,  to  be 
useful  against  floods,  must  be  kept  empty  throughout  the  whole 
season  when  floods  may  occur.  This,  perhaps,  may  be  true  in 
France,  but  it  is  not  true,  under  the  different  conditions  of  rain- 
fall, in  a number  of  cases  in  the  State  of  New  York.  Possibly, 
the  French  engineers  overlooked  the  moderating  effect  of  a reser- 
voir, with  large  water  surface,  upon  a flood  even  when  the 
reservoir  is  filled  to  the  flow-line.  The  writer  has  discussed  this 
question  extensively  in  his  several  reports  to  the  State  Engineer 
and  Surveyor,  and  also  in  his  report  to  the  Board  of  Engineers 
on  Deep  Waterways,  and  a computation  is  given  in  connection 
with  floods  on  Genesee  river  which  shows  that  even  under  the 
adverse  condition  of  water  at  the  crest,  the  temporary  storage 
on  the  water  surface  is  in  most  cases  great  enough  to  practically 
double  the  time  of  a flood  and  hence  to  greatly  decrease  its  de- 
structive effect.  The  conclusion  on  this  head,  therefore,  is  that 
an  extreme  flood,  which  would  not  be  effectually  mitigated,  even 
1 hough  a reservoir  were  full,  would  occur  not  oftener  than  once 
in  a century. 

Flood  warnings.  Since  the  flood  wave  in  a river  is  progres- 
sive, some  idea  can  be  formed  in  advance  as  to  the  stages  of 

lAimales  des  Fonts  et  Chanssees,  sixth  scries,  Vol.  II,  1881,  p.  5,  trans- 
lation in  Froc.  Inst.  C.  E. 
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that  will  occui*  along  the  lower  reaches  of  a river  when 
the  stages  at  points  higher  up  are  known.  Judgment  as  to  such 
cases  is  based  uj)on  the  observed  bight  in  previous  years. 
Hence,  the  value  of  a record  of  water  stages  in  determining  the 
relation  between  tlie  wave  crest  at  various  points  along  a river; 
but  the  relation  between  these  will  not  be  identically  the  same 
in  all  cases — it  will  depend  upon  the  distribution  of  the  rain- 
fall and  otlier  causes  over  the  catchment  basin  of  a river.  Tlie 
average  of  a great  many  cases  gives  a result  which,  though  some- 
times in  error,  is  in  most  cases  nearh'  right. 

Predictions  as  to  the  bight  of  floods  based  on  the  preceding 
general  method  have  been  kept  in  France  since  1854,  and  in  the 
United  States  on  the  Mississippi,  Missouri,  Ohio  and  other  tribu- 
taries of  the  Mississippi  for  the  last  fifteen  to  twenty  years. 
Generally  the  rivers  of  New  York  State  ai-e  not  long  enough 
to  make  such  ])redictions  specially  reliable,  although  on  some 
of  the  longer  rivers  they  may  be  successfully  applied.  At  Cin- 
cinnati, Louisville  and  Cairo  predictions  may  be  made  from  two 
to  six  days  in  advance  of  a destructive  flood. 

This  matter  is  merely  mentioned  here  as  one  of  the  practical 
outcomes  of  the  study  of  floods  in  large  streams.  It  is  exten- 
sively discussed  in  EusselPs  Meteorology^  to  which  the  reader 
is  referred  for  more  extended  information.^ 

Maximum  Flow  of  Streams  in  New  York 

AVe  will  now  take  up  a brief  description  of  floods  on  the  various 
rivers  of  the  State,  following  the  same  order  as  previously  used 
in  discussing  the  classification  of  streams.  Since  there  is  no 
information  as  to  floods  on  man}’  streams,  only  those  Avill  be  men- 
iioned  where  information  is  available. 

Floods  in  Buffalo  river.  This  stream  is  formed  by  the  junction 
of  Cayuga  creek,  P>uffalo  creek  and  Cazenovia  creek,  which  unite 
near  Bufl'alo.  The  catchment  areas  of  these  various  streams  are 
given  on  page  205.  The  slope  of  Cazenovia  creek  is  steeper  in  its 

^See  chap.  10,  River  Stage  Predictions,  in  Meteorology,  Weather  and 
Methods  of  Forecasting  and  River  Flood  Predictions  in  the  United  States, 
by  Thomas  Russell.  A general  resume  of  the  cause  of  floods  is  also  given 
in  chap.  9 of  the  same  work. 

^\bstract  from  Report  of  the  Water  Storage  Commission. 
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lower  reaches  than  either  Buffalo  or  Cayuga  creek.  It  results, 
therefore,  that  floods  in  Cazenovia  creek  reach  Buffalo  several 
hours  earlier  than  those  in  Buffalo  and  Cayuga  creeks.  The  chan- 
nel in  the  lower  portions  of  all  these  streams  is  irregular  and 
sinuous,  which,  together  Avith  the  flattening  of  slopes,  produces 
the  usual  flood  congestion  in  the  lower  reaches.  The  annual  oc- 
currence of  floods  in  these  streams  has  long  been  a source  of  dam- 
age and  has  been  a bar  to  the  development  of  the  city  of  Buffalo 
towards  the  southeast.  The  Buffalo  engineers  have  been  for  sev- 
eral years  making  studies  of  floods  in  these  streams  in  order  to 
devise  plans  for  their  prevention.  Serious  floods  have  occurred  at 
the  following  dates : 

January  5,  1890. 

December  16,  1893. 

January  14, 1894. 

May  20,  1894. 

March  30,  1896. 

January  13,  1898. 

February  16, 1898. 

December  5,  1898. 

It  is  stated  in  the  report  of  the  Buffalo  Flood  Committee,  made 
to  the  Water  Storage  Commission,  that  in  the  flood  of  March  1, 
1902,  the  maximum  discharge  of  the  Buffalo  river  was  about  23,000  . 
cubic  feet  per  second  (catchment,  420  square  miles),  or  at  the 
rate  of  55  cubic  feet  per  second  per  square  mile.  This,  however, 
was  an  unusual  flood;  the  ordinary  flood-flows  are  estimated  at 
about  18,000  cubic  feet  per  second,  or  at  the  rate  of  43  cubic  feet 
per  second  per  square  mile,  although  from  the  conclusions  of  the 
committee,  given  on  page  442  of  the  Report  of  the  Water  Storage 
Commission,  it  is  inferred  that  exceptional  floods  may  exceed 
25,000  to  28,000  cubic  feet  per  second,  or  at  the  rate  of  about  66 
cubic  feet  per  second  per  square  mile.^ 

Floods  in  Tonaivanda  creek.  High  floods  have  occurred  in  this 
stream  in  1865,  1889,  1896  and  1902.  The  flood  of  March,  1865,  is 
considered  to  be  the  extreme  maximum,  although  the  flood  of 

lA  large  amount  of  information  in  regard  to  Buffalo  river  is  given  in  the 
Report  of  the  Water  Storage  Commission,  at  pp.  71-76  and  pp.  422-443, 
inclusive. 


December  22,  1898. 
January  13,  1900. 
February  9,  1900. 
April  22,  1901. 
December  14,  1901. 
March  1,  1902. 

July  7,  1902. 
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3Iai*cli,  189G,  was  nearly  as  liiglj.  At  tliis  time  water  flowed  over 
the  State  dam  at  Tonawanda,  with  a head  of  4.82  feet^  indicating 
a.  discharge  of  9600  cubic  feet  per  second.  At  the  same  time  there 
was  3 feet  of  water  flowing  over  a waste-weir  directly  into  Niagara 
river  and  representing  a discharge  of  about  1000  cubic  feet  per 
second,  making  the  total  discharge  on  March  30,  1896,  of  Tona- 
wanda  creek  at  Tonawanda  10,600  cubic  feet  per  second  (catch- 
ment, 610  square  miles),  or  at  the  rate  of  about  18  cubic  feet  per 
second  per  square  mile.  This  value  of  the  flood  discharge  is  prob- 
ably due  to  the  natural  storage  in  the  flat  and  swampy  portions 
of  the  creek  valley  west  of  Oak  Orchard  dam,  as  well  as  to  the 
diversion  of  some  of  its  waters  through  the  Oak  Orchard  cutoff 
during  this  flood — probably,  the  entire  flood-flow  on  March  30, 
1896,  was  from  20  to  22  cubic  feet  per  second  per  square  mile.  In 
the  upper  reaches  of  this  stream  the  flood-flows  may  be  expected 
to  approximate  anywhere  from  60  to  80  cubic  feet  per  second  per 
square  mile. 

Floods  in  Niagara  river.  iVs  shown  by  table  No.  45,  the  natural 
regulation  of  this  river  is  so  perfect  that  floods  are  unknown. 
During  the  entire  year  1895  the  flow  of  Niagara  river  varied  from 
195,578  cubic  feet  per  second  to  177,852  cubic  feet  per  second,  the 
extreme  variation  for  the  year  beiug  only  17,726  cubic  feet  per 
second. 

Floods  in  Genesee  river.  The  following  account  of  early  floods 
in  this  stream  is  mostly  taken  from  the  report  on  Genesee  river 
storage  surveys,  dated  January  1,  1897. 

Great  floods  have  occurred  in  this  river  in  1815,  1835,  1857, 
1865  and  1896.  At  a number  of  times  between  1865  and  1896  the 
river  has  also  been  very  high,  but  at  no  time  since  1865  as  severe 
as  in  1896. 

Beyond  the  mere  fact  that  a very  severe  flood  occurred  in  1815, 
which  overflowed  the  flats  in  the  valley  between  Avon  and  Mount 
Morris  and  the  black  ash  swamp  which  then  covered  the  area  now 
included  in  the  first  and  third  wards  of  the  city  of  Rochester, 
little  is  known  as  to  the  flood  of  that  year. 

The  next  great  flood  of  which  we  have  record  occurred  in  1835.^ 

iSee  report  of  F.  C.  Mills,  relative  to  the  Genesee  valley  canal,  Assembly 
Document  No.  73,  1837,  p.  69. 
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Considerable  damage  was  done  to  the  farms  in  the  flats.  Accord- 
ing to  statements  made  by  Hervey  p]ly,  a former  citizen  of  Roch- 
ester, the  flow  of  the  river  in  the  flood  of  1835  amounted  to  about 
36,000  cubic  feet  per  second. 

In  February,  1857,  a serious  flood  occurred  in  the  Genesee  river 
Avliich  carried  away  not  only  a number  of  buildings  on  the  north 
side  of  the  Main  street  bridge  at  Rochester,  but  also  undermined 
the  piers  of  that  bridge  and  even  finally  swept  away  the  greater 
l>art  of  the  old  structure.  A new  bridge  was  in  process  of  con- 
struction at  the  time. 

The  great  flood  of  JS65.  ^larcli,  1865,  was  a jieriod  of  general 
high  water  throughout  western  New  York.  Long  continued  cold 
weather  and  a heavy  snowfall  were  followed  by  a sudden  thaw, 
accompanied  by  rain,  about  the  middle  of  March.  On  the  six- 
teenth a freshet  in  the  upper  Genesee  valley  was  reported,  and 
on  the  seventeenth  the  water  was  very  high  at  Rochester,  but 
aside  from  the  usual  alarm  manifested  on  such  occasions,  the  sit- 
uation was  not  considered  specially  serious.  The  river,  however, 
continued  to  rise  during  the  night  of  March  ITtb,  until  the  banks 
of  the  Genesee  valley  and  the  Erie  canals  were  overflowed,  with 
the  water  pouring  direct  from  the  river  into  the  canals.  The 
river  further  rose  above  its  banks  until  finally  nearly  the  entire 
central  ])ortion  of  Rochester  was  under  water.  During  the  whole 
of  the  18th  and  ])art  of  March  19th  tbe  only  means  of  transporta- 
tion throughout  the  entire  business  portion  of  Rochester  was  by 
boat.  The  gas  supply  was  cut  off  early  in  the  disaster,  leaving  the 
city  in  darkness.  The  New  York  Central  & Hudson  River  Rail- 
road bridge  over  the  river  was  carried  away,  and  traffic  sus- 
pended on  that  railway  for  several  days.  The  damage  to  property 
is  stated  to  have  exceeded  |l,000,000.i 

Rochester  newspapers  of  March,  1865,  give  detailed  accounts  of 
the  Genesee  flood,  from  which  it  is  gleaned  that  the  damage  must 
have  been  very  severe,  and  may  have  even  considerably  exceeded 
^1,000,000. 

iThe  foregoing  details  of  floods  in  the  Genesee  river  up  to  and  including 
1865,  have  been  mostly  gleaned  from  Peck’s  History  of  Rochester.  The 
newspapers  of  the  day  liave  also  been  referred  to  for  particulars  of  the 
great  flood  of  1865. 


Plate  10. 


(Ireat  Hood  of  lS(!o  at  Uocliester.  Lookiii.u'  across  the  a(ined\ict  from  South  St  l*aul  street  near  where 
the  New  Osborne  House  now  stands.  Liuiiher  from  yards  further  up  lodged  against  the  piers. 


HYDROLOGY  OF  NEW  YORK 


443 


The  flood  commission  of  18Q5.  FolloAving-  tlie  great  flood  the 
Legislature  passed  an  act  appointing  commissioners  to  inquire 
into  and  ascertain  the  cause  or  causes  of  the  inundation  of  the 
city  of  Rochester  by  the  waters  of  the  Genesee  river  in  the  month 
of  March,  1865,  and  also  to  ascertain  whether  any,  and,  if  any, 
what  obstructions  had  been  placed  in  said  river  which  tended  to 
cause  or  increase  the  extent  of  such  inundation,  and  the  nature 
and  extent  of  such  obstructions,  and  what  measures,  proceedings 
and  remedies  were  necessary  or  proper  for  the  purpose  of  guard- 
ing against  or  preventing  a recurrence  of  such  an  inundation. 
The  commissioners  were  Addison  Gardner,  Amos  Bronson,  Levi 
A.  Ward,  George  J.  Whitney  and  George  E.  Mumford.  General 
I.  F.  Quinby  was  engineer  to  the  commission. 

The  commission  begins  its  report  by  stating  that  there  is  no 
record  in  the  previous  history  of  Rochester  of  any  serious  damage 
from  overflows  of  the  river,  no  former  flood  having  to  any  im- 
portant extent  spread  beyond  the  banks  of  the  river.  In  view  of 
this  state  of  things  the  citizens  of  Rochester  had  felt  it  to  be  of 
the  highest  importance  to  ascertain  the  cause  of  the  unprecedented 
extent  of  the  1865  flood,  and,  as  far  as  possible,  to  guard  against 
its  recurrence. 

As  to  the  first  cause,  it  is  stated  that  by  reason  of  a sudden 
change  of  temperature  from  winter  to  almost  summer  heat  an 
immense  body  of  snow,  which  had  accumulated  during  the  pre- 
vious winter  weather,  was  suddenly  melted  and  thrown  at  once 
into  the  river  channel  within  the  space  of  three  or  four  days 
instead  of  occupying  a week  or  more,  as  in  ordinary  floods.  Sec- 
ondly, the  effect  of  the  flood  was  increased  in  consequence  of  the 
obstruction  to  free  flow  caused  by  the  bridge  and  embankment  of 
Avhat  is  now  the  New  York,  Lake  Erie  & Western  Railway  at 
Avon.  The  openings  in  the  embankment  across  the  river  valley, 
while  adequate  for  ordinary  floods,  were  entirely  too  small  for 
the  quantity  of  water  flowing  in  March,  1865.  The  consequence 
was  that  at  the  time  of  greatest  flow  the  water  stood  at  least 
three  feet  higher  on  the  upper  side  of  the  embankment  than  on 
the  lower  side.  The  embankment  finally  gave  wa^^,  thus  allowing 
a large  quantity  of  ponded  water  to  flow  suddenly  down  the  river, 
filling  the  channel  at  Rochester  beyond  its  carrying  capacity.  As 
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a third  cause,  the  commissioners  found  that  the  channel  of  the 
river  was  obstructed  through  the  city  of  Kochester  in  such  man- 
ner as  to  cause  overflows  into  the  Erie  and  Genesee  valley  canals 
at  that  place.  The  remedy  suggested  was  that  the  waterway 
through  the  city  be  considerably  increased. 

As  regards  the  Erie  canal  aqueduct,  the  commissioners  pointed 
out  that  the  piers  supporting  the  structure,  instead  of  being  built 
parallel  with  the  stream,  run  partially  across  it,  thereby  mater- 
ially increasing  the  amount  of  the  obstruction  by  so  changing 
the  current  that  at  least  one  half  the  river  as  it  passes  the  aque- 
duct flows  in  the  direction  of  the  east  bank  above  Main  street 
l)ridge.  The  commissioners  also  pointed  out  that  during  the  flood 
trunks  of  trees,  logs  and  timber  lodged  against  the  aqueduct  and 
closed  a considerable  portion  of  the  waterway  through  the  arches. 
Under  these  circumstances  the  flood  rose  to  the  copings,  standing 
more  than  three  feet  higher  on  the  south  side  than  on  the  north.. 
The  commissioners  also  considered  that  Main  street  bridge  pre- 
sented considerable  obstruction.  In  1865,  and  for  some  years 
])revious  to  that  time  more  than  two  thirds  of  the  eastern  arch 
of  the  bridge  had  been  closed  by  the  wall  of  the  building  on  the 
north  side.  This  obstruction,  however,  was  removed  by  the  action- 
of  the  flood,  the  building  in  question  having  been  carried  away. 
Since  then  the  east  opening  has  been  left  entirely  free,  but  there 
is  still  in  1904  considerable  obstruction  to  the  Avest  arch  by  a 
building  erected  since  1865. 

The  areas  of  the  several  openings  of  the  arches  of  the  Erie  canal 
aqueduct  at  Rochester  are  as  follows : 

First  opening,  east  side,  516.6  square  feet;  second  opening, 
681.4  square  feet;  third  opening,  625.7  square  feet;  fourth  opening, 
641.3  square  feet;  fifth  opening,  615.3  square  feet;  sixth  opening, 
625.7  square  feet ; seA^enth  opening,  552.4  square  feet ; total,  4308.3 
square  feet. 

The  folloAving  are  the  total  openings  of  the  several  river  bridges : 
Court  street,  5081  square  feet;^  Main  street,  3367  square  feet; 
Andrews  street,  4511  square  feet;  Central  aA^enue,  about  4450 
square  feet. 

iThis  is  the  opening  of  the  river  arches  below  the  level  of  the  flood  of 
18G5 ; in  addition  the  arches  over  the  Johnson  and  Seymour  raceway  have 
an  opening  of  790  square  feet  and  the  Erie  canal  arches  of  498  square  feet. 
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It  will  be  noticed  that  the  area  art  Main  street,  the  first  bridge 
below  the  aqueduct,  is  941  square  feet  less  than  that  of  the  Erie 
canal  aqueduct. 

The  commissioners  also  gave  some  attention  to  the  causes  which 
made  the  flood  of  18G5  greater  than  that  of  any  previous  year,  and 
expressed  the  opinion  that  the  same  causes  might  produce  a still 
greater  flood  in  the  future.^ 

As  a chief  cause,  the  commissioners  considered  that  cutting  off 
the  forests  and  clearing  up  lands  were  likely  to  lead  to  heavier 
floods  from  year  to  year.  In  view,  therefore,  of  what  seemed  to 
the  conimissioners  a constant  source  of  danger,  they  arrived  at 
the  conclusion  that  a much  larger  waterway  was  imperatively 
necessary  through  the  city  of  Eochester.^ 

A severe  flood  also  occurred  in  the  upper  Genesee  at  Mount 
Morris  in  March,  1893,  at  which  time  large  quantities  of  ice  were 
left  in  the  streets  of  the  lower  portion  of  that  village. 

Flood  in  Genesee  river  of  May,  1894.  It  is  very  common  for  the 
flats  in  the  vicinity  of  Mount  Morris  to  be  inundated,  with  great 
destruction  of  farms  and  growing  crops.  The  flats  between  Mount 
Morris  and  Eochester  were  inundated  May  20-23,  1894,  the  damage 
to  growing  crops  at  that  time  amounting  to  many  thousand  dol- 
lars. As  interesting  data  we  may  discuss  that  flood,  at  which 
time  the  approximate  discharge  of  the  stream  at  Mount  Morris 
(catchment,  1070  square  miles),  was  as  follows: 

Cubic  feet 
per  second 


May  18,  7 a.  m 600 

May  18,  6 p.  m 3,090 

May  19,  7 a.  m 5,530 

May  19,  6 p.  m 5,090 

May  20,  7 a.  m 16,580 

May  20,  12  m 22,210 

May  20,  6 p.  m 28,000 

May  21,  3.30  a.  m 42,000 

May  21,  7 a.  m 33,000 


^Tlie  report  of  the  commissioners  appointed  to  investigate  the  causes  of 
the  inundation  of  the  city  of  Rochester  in  March,  1865,  may  be  found  in 
Assembly  Document  No.  117  of  the  Session  of  1866. 

^The  waterway  is  still  substantially  the  same  as  in  1865.  If  anything, 
it  has  been  somewhat  contracted  by  various  constructions  since  that  day. 
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Cubic  feet 
per  second 


:\Jay  21, 12  m 80,730 

^ray  21,  6 i>.  m 26,500 

May  22,  7 a.  m 15,650 

May  22, 12  m > 13,650 

May  22,  6 p.  m 10,720 

May  25,  7 a.  m 7,300 

May  23,  12  m 6,700 

May  23,  6p.  m 5,690 

May  24,  7 a.  m 5,390 


The  total  runoff  from  7 a.  m.  of  May  IS  to  7 a.  m.  of  May  24  was 
over  7,000,000,000  cubic  feet. 

On  the  morning  of  May  21  the  Oats  in  the  broad,  level  valley  of 
the  Genesee  river  and  Canaseraga  creek,  between  Dansville,  Mount 
Morris,  and  Rochester,  whicli  liave  an  area  of  from  60  to  80 
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Fig.  35  Flood  flow  of  Genesee  river  May  18-23,  1894. 


square  miles,  were  nearly  flooded,  in  some  localities  to  a depth  of 
from  4 to  6 feet.  On  account  of  the  large  pondage  by  these  flats, 
although  the  maximum  runoff  at  Mount  Morris  was  42,000  cubic 
feet  per  second  at  3.30  a.  m.  on  the  morning  of  May  21,  at 
Rochester  the  maximum  flow  did  not  at  any  time  exceed  about 
20,000  cubic  feet  per  second.  We  have,  then,  a case  where  a large 
pondage  has,  by  prolonging  the  time  of  runoff,  modified  a flood- 
flow  over  50  per  cent.  As  further  illustrating  the  effect  of  a large 
reservoir,  or,  what  is  the  same  thing,  the  effect  of  a large  pond 


Plate  11. 


The  upper  fall  at  Rochester  at  time  of  flood  flow. 
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area  in  modifying’  llie  etfect  of  an  extreme  ilood,  reference  may  be 
made  to  fig.  35,  in  which,  with  time  as  abscissas  and  runoff  as 
ordinates,  the  rnnoff  record  of  Genesee  river  for  May  18-23,  1894, 
has  been  plotted.  The  lower  curve  of  that  figure  may  be  taken  as 
representing  approximately  the  law  of  the  runoff  of  any  generally 
distributed  heavy  rainfall  on  the  catchment  area  of  this  stream. 
In  making  this  statement  it  is  not  overlooked  that  flood-flows  at 
other  seasons  of  the  year  may  differ  someAvhat  in  their  movement 
from  that  of  May,  1894.  Inasmuch  as  the  rapidity  and  intensity 
of  the  runoff  of  any  given  stream  depend  largely  upon  the  topog- 
raph}', the  statement  may  be  made  that  the  general  law  of  move- 
ment of  floods  in  the  Genesee  river  is  indicated  by  the  lower  curve 
of  fig.  35.  With  this  understanding  we  may  assume  any  other  run- 
off and  construct  the  approximate  curve  by  drawing  it  generally 
parallel  to  the  curve  of  the  actually  observed  ease.  In  this  way 
The  upper  curve  of  fig.  35,  representing  the  curve  of  a flood  one 
and  one-half  times  greater  than  that  of  May,  1894,  has  been  pro- 
duced, slight  irregularities  of  the  lower  curve  having  been  neg- 
lected in  projecting  the  upper  one. 

A flood-flow  one  and  one-half  times  as  great  as  that  of  May,  1894, 
which  culminated  in  a maximum  of  about  42,000  cubic  feet  per 
second  at  3.30  a.  m.  of  May  21,  gives  a maximum  of  63,000  cubic 
feet  per  second,  the  movement  of  which  would  be,  under  the 
assumptions,  substantially  as  in  the  upper  curve  of  flg.  35.  As 
to  the  probability  of  a maximum  flood-flow  of  63,000  cubic  feet 
per  second  on  the  upper  Genesee  catchment  area,  the  case  of  the 
neighboring  Chemung  river  may  be  cited,  where  a flood-flow  of 
67.1  cubic  feet  per  second  per  square  mile  occurred  in  June,  1898. 
This  figure  applied  to  the  upper  Genesee  would  give  a possible 
maximum  runoff  of  71,126  cubic  feet  per  second. 

Flood  of  1896.  The  flood  of  April,  1896,  came  very  near  reach- 
ing the  danger  limit — so  near,  indeed,  that  it  is  now  the  opinion 
of  many  thinking  citizens  of  Rochester  that  the  regulation 
afforded  by  the  proposed  storage  dam  at  Portage  may  not  be 
sufficient  to  fully  protect  the  city  from  a repetition  of  the  disaster 
of  1865.  If  the  river  were  to  again  rise  to  the  hight  attained  in 
that  year,  the  damage  would  inevitably  be  several  times  greater 
than  occurred  then. 
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Flood  of  Alarchj  1902.  On  iMarcli  o to  5,  1902,  a tiood 
occurred  wliicli,  at  Kocliester,  lacked  but  little  if  any  of  reach- 
ing the  bight  of  the  great  tiood  of  1805.  At  Avon,  twenty  miles 
above,  the  high-water  mark  reached  was  eight  inches  below  that 
of  1805.  Owing  to  a fortunate  combination  of  circumstances 
the  damage  resulting  from  this  Hood  within  the  city  of  Kochester 
was  much  less  than  that  in  1805,  but  only  prompt  and'  energetic 
measures  on  the  part  of  city  and  canal  officials  and.  the  rarest 
good  fortune  pi^vented  the  damage  from  exceeding  that  of  1805. 
This  flood  was  due  to  the  more  common  cause  of  floods  on  this 
catchment,  namely,  the  general  melting  of  the  snows  by  warm 
rains.  This  flood  reached  its  maximum  bight  at  Kochester  on 
the  afternoon  of  March  3. 

Flood  of  July,  1902.  On  July  0 to  13,  there  occurred  a flood 
on  the  Genesee  which,  from  the  time  of  the  year,  the  high  stage 
of  water  in  certain  parts  of  the  river,  and  the  extent  and  severity 
of  the  damage  arising  from  it  on  a certain  portion  of  the  catch- 
ment, is  without  precedent  in  the  history  of  Genesee  floods. 

The  rains  over  the  catchment  generally  had  been  unusually 
heavy  during  the  latter  part  of  June  and  the  early  part  of  July, 
and  the  ground  was  thoroughly  saturated  with  water.  On  July  6 
the  rainfall  reached  a climax  which  culminated  in  a so-called 

cloudburst  ’’  in  the  region  covering  the  northern  central  por- 
tion of  Allegany  county.  At  Angelica,  within  this  district,  the 
rainfall  on  July  6 amounted  to  4.5  inches.  Heavier  rainfalls 
than  this  have  occurred  occasionally  on  the  catchment  area  with- 
out producing  severe  floods.  This  fact,  coupled  with  the  fact 
that  a mimber  of  private  observers  unofficially  claimed  much 
heavier  precipitatioui  than  the  Angelica  office  reports,  raises  some 
doubt  as  to  whether  the  Angelica  station  itself  may  not  have 
escaped  the  severe  downpour,  or  whether  the  marked  difference 
in  the  results  may  be  due  wholly  to  the  difference  of  satura- 
tion of  the  ground.  The  former  alternative  is  rather  dis- 
counted by  the  fact  that  the  catchment  at  Angelica  creek 
itself,  of  which  the  station  is  not  far  from  the  center,  suffered 
the  most  severe  flood  in  its  history.  This  remark  in  fact  is  true 
of  the  entire  catchment  of  the  Genesee  in  the  aggregate  down 
as  far  as  Portage  falls.  It  is  well  established  by  repeated  evi- 
dence that  the  hight  which  the  flood  attained  at  Portage  was 


HYDROLOGY  OP  NEW  YORK 


449 


■several  feet — variously  estimated  at  from  tlireie  to  five  feet — 
higher  than  the  highest  known  preceding  flood,  and  similar  evi- 
dence exists  for  points  ou  the  Genesee  up  as  far  as  Wellsville. 
This  is  not  true,  however,  for  the  lower  portion  of  the  valley. 
At  Mount  Morris  the  flood  flight  attained  was  about  that  of  pre- 
vious floods,  but  at  Kochester  the  river  showed  a discharge  of 
only  about  20,000  cubic  feet  per  second  against  36,000  to  40,000 
or  42,000  cubic  feet  per  second  for  the  1865  flood  and  the  March, 
1902,  flood.  The  excessive  precipitation,  therefore,  must  have 
been  confined  to  the  headwaters  of  the  river. 

It  must  not  be  inferred  that  the  maximum  flood  discharge  at 
Portage  was  less  than  20,000  cubic  feet  per  second,  the  discharge 
at  Rochester.  On  the  contrary,  there  is  good  reason  to  believe 
that  the  discharge  at  Portage  with  only  40  per  cent  of  the  catch- 
ment area  was  very  much  in  excess  of  that  at  Rochester,  and  the 
reasons  for  this  are:  (1)  the  flood  hight  at  Portage  was  from 
three  to  five  feet  higher  than  during  former  extreme  floods  which 
gave  flood  discharges  of  40,000  cubic  feet  per  second  at  Mount 
Morris,  which  has  only  7 per  cent  more  catchment  area;  these 
former  floods  must  therefore  have  discharged  not  much  less  than 
40,000  cubic  feet  per  second  at  Portage;  five  feet,  or  even  three 
feet,  added  to  the  crest  of  these  former  floods  indicate  still  greater 
discharges  and  leave  little  doubt  that  the  discharge  at  Portage 
was  nearly  if  not  fully  double  that  at  Rochester;  (2)  an  examina- 
tion of  the  July  flood  at  Rochester  shows  that  the  maximum  stage 
of  water  was  reached  at  Rochester  during  the  afternoon  of  July 
S,  while  the  maximum  stage  at  Portage  occurred  during  the 
forenoon  of  July  6,  indicating  that  the  flood  crest  occupied 
more  than  two  days  in  passing  from  Portage  to  Rochester.  When 
we  consider  the  topography  of  the  valley  between  Mount  Morris 
and  Rochester,  this  time  consumed  in  transit  must  have  been 
accompanied  by  an  elongation  of  the  flood  with  a corresponding 
diminution  of  the  discharge  per  second. 

A careful  study  of  the  circumstances  attending  this  flood  of 
July,  1902,  in  conjunction  with  the  other  maximum  floods  in  the 
Genesee,  leads  to  the  conclusion  that  the  maximum  flood  at  Roch- 
ester has  not  yet  occurred,  and  that  by  a combination  of  circum- 
stances which  do  not  seem  at  all  improbable  a maximum  flood  in 
excess  of  40,000  cubic  feet  per  second  may  reasonably  be  expected. 
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Had  the  same  preeipitaliou  whidi  oeeiUTed  in  Allegany  county  oc- 
curred on  the  nortliern  portion  of  the  catchment  area  with  reason- 
ably high  water  from  the  southern  district,  the  Hood  wave  would 
not  have  been  elongated  as  it  was  by  its  flow  through  the  alluvial 
valley  north  of  Mount  Morris,  and  as  a result  the  wave  would 
have  been  shorter  but  with  a higher  maximum  discharge. 

This  flood  of  July  is  unique  in  the  matter  of  the  date  of  its 
occurrence.  The  other  gi*eat  floods  liave  occurred  in  ^larch  or 
April,  with  minor  severe  floods  occurring  later.  Occurring,  as 
this  did,  in  July,  with  the  crops  well  advanced  toward  maturity, 
the  resulting  damage  was  greiitly  in  excess  of  what  would  have 
occurred  under  similar  conditions  in  the  earh^  spring.  The 
destruction  of  crops  Avas  in  itself  serious.  But  it  Avas  a greater 
disaster  to  agricultural  interests  that  the  season  Avas  then  too  far 
advanced  to  permit  of  replan tingJ 

The  effect  on  floods  of  Genesee  river  flats.  Considering  Genesee 
riA’er  as  a Avliole,  the  folloAN'ing  conditions  govern  : Between  Roch- 
ester and  Mount  ^lorris  and  between  Mount  Morris  and  Dans- 
ville.  in  the  broad  valley  of  the  Canaseraga  creek,  there  are  ex- 
tensive flats,  amounting  for  the  Avhole  to  from  GO  to  80  square 
miles.  The  effective  catchment  area  at  Rochester  is  23G5  square 
miles,  as  against  1070  s(]uare  miles  at  Mount  ^Torris.  The  ])or- 
tion  of  the  catchment  area  below  Blount  Morris  also  contains 
lIoneoA'e,  Canadice,  Hemlock  and  Conesns  lakes,  Avhich  altogether 
])i'ovide  a large  Aajlume  of  surface  storage,  Avhile  above  Mount 
Mori'is  thei-e  are  feAV  flats  and  only  one  small  lake  (Silver  lake). 

There  are  extensive  flat  areas  in  the  (*atchment  of  Black  and 
Oatka  creeks,  Avhich  arq  tributary  beloAV  Mount  Morris. 

The  preceding  discussion  shoAvs  that  the  uj)])er  section  of  the  Gen- 
esee riA^er  has  a rapid  runoff  and  is  subject  to  sudden  and  excessive 
flood-floAvs.  These  flood-floAvs  are  recelA^d  in  the  extensive  fiats 
beloAv  Blount  IMorris,  Avhere  they  are  ])artially  retained  and  grad- 
ually deliA^ered  to  the  extreme  loAver  riA’er.  The  flood-floAvs  at 
]\Iount  Morris  are  greater  than  at  Rochester,  although  the  dr}- 
AA^eather  floAv  at  Rochester  is,  proportionately  to  catchment  area, 
usually  greater  than  at  IMount  iMorris.  The  flats  then  act  to  de- 
crease the  flood-floAv  at  Rochester  and  to  increase  the  dry-AA'eather 
flow  there.  At  Mount  Morris  Ave  may  expect  flood-floAVS  of  from 

U\bstract  from  the  Report  of  the  Water  Storage  Commission. 
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25,000  to  r>0,000  cubic  feet  ])ci*  s(H‘OikI  nearly  every  year,  while  at 
Kochester  30,000  cubic  feet  i)er  second  is  quite  rare,  even  tlu‘  ^rreat 
flood  of  1805  probably  did  not  materially  exceed  45,000  to  54,000 
cubic  feet  ])er  second.  About  30,000  to  35,000  cubic  feel  per  sec- 
ond at  Kocliester  gives  a full  river,  and  anything  much  beyond 
that  figure  will  produce  a disastrous  Hood.  The  flats  then  act  to 
decrease  in  a very  marked  degree  the  violence  of  the  spring  freshet 
at  Kocliester.  With  the  river  in  its  natural  state,  and  with  the 
same  character  of  catchment  area  throughout  its  whole  course 
that  we  find  to  exist  above  Mount  iMorris,  what  is  now  the  chief 
business  portion  of  the  city  of  Rochester  would  probably  be  sub- 
merged nearly  every  year. 

This  immunity  of  the  city  of  Rochester  is,  however,  purchased 
at  the  expense  of  the  flats  which  act  as  an  immense  storage  reser- 
voir for  the  spring  floods  of  the  upper  river. 

From  an  economic  point  of  view  one  marked  effect  of  the 
annual  inundation  is  largely  to  prevent  the  use  of  these  flats  for 
any  agricultural  purpose  other  than  grazing.  If  they  can  be  cer- 
tainl}^  relieved  of  the  burden  of  that  jmrtion  of  the  annual  overflow 
which  occurs  in  Maj;,  they  will  immediately  become  the  most  fer- 
tile agricultural  lands  in  the  State,  and  their  value  will  be  doubled. 
It  is  in  line  with  the  jjolicy  of  all  civilized  governments  to  estab- 
lish works  for  river  conservancy  wherever  results  are  to  be  gained 
such  as  these,  and  the  precedent  of  similar  works  by  other  gov- 
ernments is  in  view  of  the  benefits  to  be  derived  by  the  Common- 
wealtli  in  the  way  of  increased  valuation  of  property,  the  strongest 
possible  argument  that  (‘an  l)e  urged  in  favor  of  the  Genesee  river 
storage. 

The  question  may  be  asked  whetlier  the  annual  iuundatioii  is 
not  reall}'  a benefit  ratlier  than  an  injury,  by  reason  of  carrying  a 
large  amount  of  valuable  silt  fertilizing  material  over  the  entire 
submerged  area,  as  iii  the  case  of  the  river  Nile  and  other  irri- 
gating streams.  The  answer  is  that,  by  reason  of  a heavy  May 
rainfall,  occurring  at  a time  when  the  ground  water  is  high  and 
before  vegetation  has  become  active,  there  is  likely  to  be  an  over- 
flow just  at  the  ])laiiting  season,  which  effectually  prevents  the 
putting  in  of  crops.  Frequently,  too,  the  Ma^^  overflow  extends 
over  into  the  early  days  of  June.  In  iMay,  1803,  the  discharge  at 
Rochester  was  at  the  rate  of  over  14,500  cubic  feet  per  second. 
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and  on  May  20tli  the  mean  discharge  at  Rochester  was  12,900 
cubic  feet  per  second.  iFlood  discharges  of  these  amounts  are 
sufficient  to  render  farming  operations  impossible  on  a consider- 
able portion  of  the  flat  area.  On  June  2,  1889,  the  discharge  at 
Rochester  was  about  20,000  cubic  feet  per  second,  and  from  per- 
sonal observations  on  that  day  it  is  known  that  nearly  the  whole 
flat  area  of  the  valley  was  flooded.  The  answer  to  the  question  as 
to  the  value  of  the  annual  overflow  is,  tJmrefore,  that  in  the  case 
of  the  Genesee  valley,  the  May  overflow  comes  at  such  a time  as  to 
do  only  injury,  without  any  opportunity  to  realize  what  would  be, 
if  the  inundation  came  only  in  March  or  April,  a great  benefit. 

The  cash  value  then  of  so  regulating  the  flow  of  the  river  as  to 
do  away  with  the  May  overflow  can  be  estimated  as  an  average  of 
80  square  miles,  at  say  |40  per  acre,  or  the  increased  valuation  of 
the  whole  area  would  be  about  |2,050,000. 

Moreover,  the  flats  above  Rochester  are  a further  benefit  to  the 
lower  river  by  reason  of  an  immense  storage  of  ground  water 
therein,  which,  as  the  flood  level  subsides,  gradually  runs  out  with 
the  result  of  greatly  decreasing  the  period  of  extreme  low  water. 

Again,  in  case  of  excessively  heavy  rains,  in  the  middle  of  the 
summer,  from  the  effect  of  which  the  river  channel  is  temporarily, 
partially  or  wholly  filled,  such  an  amount  of  water  is  stored  in 
these  flats  as  to  keep  the  river  comparatively  well  up  during  the 
fall. 

This  actually  happened  in  the  season  of  1893,  when  on  August 
29,  1893,  there  occurred  a rainfall  of  nearly  three  inches  over  the 
whole  catchment  area  in  a period  of  about  12  hours,  which  pro- 
duced a flood-flow  of  5800  cubic  feet  per  second  at  Mount  Morris 
and  3800  cubic  feet  at  Rochester,  an  amount  of  water  sufficient 
to  partly  fill  the  channel  between  these  two  places,  but  without 
any  overflow  of  the  adjoining  flats.  Previous  to  this  heavy  rain- 
fall the  mean  flow  at  Rochester  had  been  for  a month  about  300 
cubic  feet  per  second.  At  Mount  Morris  it  had  not  averaged,  for 
the  same  period,  more  than  125  cubic  feet  per  second.  The  effect 
of  this  rain  on  the  ground  water  of  the  flats  is  strikingly  shown  by 
comparing  the  flows  at  Mount  Morris  and  Rochester,  when  it  will 
be  found  that  on  September  3 the  flow  at  Mount  Morris  was  again 
down  to  200  cubic  feet  per  second,  and  remained  below  that  figure, 


IIYDllOLOGY  OF  NEW  YORK 


453 


except  for  slight  rises  due  to  rainfall  on  September  7 and  8,  and 
September  15  and  18,  until  October  15,  when  the  flow  rose  to  a 
little  over  2000  cubic  feet  per  second.  At  Rochester,  on  the  other 
hand,  the  effect  of  the  heavy  rainfall  of  August  29,  was  to  so  far 
replenish  the  depleted  ground  water  of  the  flats  as,  with  the  excep- 
tion of  a few  days  in  the  early  part  of  October,  when  the  flow 
dropped  to  about  600  cubic  feet  per  second,  to  keep  the  flow  up  to 
about  800  cubic  feet  per  second,  for  the  balance  of  the  year. 

The  storage  value  of  the  Genesee  river  fiats.  In  order  to 
further  illustrate  the  great  storage  value  of  the  flats,  we  may  note 
that  the  catchment  area  at  Rochester  is  2.3  times  that  at  Mount 
Morris;  hence,  for  projiortionate  yields  the  flow  at  Rochester 
should  be  2.3  times  that  at  Mount  Morris.  During  August,  1893, 
at  a time  of  extreme  dry  weather,  the  flow  at  Rochester  was  3.7 
times  that  at  Mount  Morris,  and  after  the  extreme  storm  of 
August  29,  which  replenished  the  ground  wmter  of  the  flats,  the 
flow  at  Rochester,  during  the  entire  replenishing  period  (Septem- 
ber, October  and  November)  was  four  times  that  at  Mount  Morris. 

A knowledge  of  this  constant  accession  of  large  quantities  of 
water  from  the  flats  leads  to  another  conclusion  of  great  practical 
importance,  namely,  that  we  may  expect  to  realize  at  Rochester 
the  full  value  of  all  the  water  added  from  the  storage  at  Mount 
Morris;  that  is,  an  addition  of,  say,  700  cubic  feet  per  second  at 
Mount  Morris,  in  time  of  low  water,  will  be  likely  to  increase  the 
flow  at  Rochester  700  cubic  feet  per  second  more  than  it  would 
have  been  without  such  addition. 

In  order  to  show  more  strikingly  the  value  of  the  flats  for  such 
storage,  we  will  now  compute  the  amount  stored  and  held  back 
therein. 

Referring  to  Rafter  and  Baker’s  Sewage  Disposal  in  the  United 
States,  page  165,  we  find  a tabulated  statement  of  the  per  cent 
of  empty  space  in  a number  of  soils,  as  follows : 

Per  cent 

In  Illinois  prairie  soil,  the  voids  are 55.2 

In  East  Windsor,  Oonnecticut,  clay  soil,  the  voids  are. . . 48.3 

In  coarse  river  sand,  the  voids  are  from 38 . 4 to  41.0 

In  subsoils,  the  voids  are  from 34.6  to  42.6 

In  blowing  sands,  the  voids  are 44.7 
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From  these  figures  we  learii  lliat  an  estimate  of  33  per  cent  of 
void  space  in  the  soils  of  tlie  flats  ^voluhl  be  very  conservaitive. 
The  mean  low-water  surface  of  the  river  channel  is  mostly  from 
15  to  20  feet  below  the  surface  of  the  flats.  We  will  also  assume 
that  the  water  imns  out  of  the  upper  5 or  6 feet  quiiekly,  but  that 
it  is  retained  and  delivered  sloAvly  fronr  the  balance.  We  have 
then  33  per  cent  of  saA^  12.0  feet  or  4.0  feet  in  depth  over  80  square 
miles  as  the  probable  available  giround-AAvater  storage  of  the  flats. 
For  80  square  miles  this  amounts  to  (80  x G40  x 43,500  x 4)== 
8,921,088,000  cubic  feet.  If  Ihere  were  any  Avay  to  control  this 
ground-Avater  storage  of  the  flats  it  Avould  by  itself  furnish  an 
outflow  of  800  cubic  feet  per  second  for  four  months,  or  130  days. 

During  June  and  July,  1893,  the  rainfall  Avas  used  up  by  the 
demands  of  groAving  vegetation,  and  the  floAv  of  the  stream  was 
tliait  due  to  stored  ground  Avaler  only,  except  jio'ssibly  a very 
slight  effect  from  the  rainfall  on  June  0.  By  July  24,  Avhat  may 
be  termed  the  high  leAcl  i*aj)id  runoff  ground  water  ot  the  flats 
Avas  entirely  exhausted,  and  from  that  time  on  the  floAV  was 
merely  due  to  the  deejwr  seated  ground  water  of  the  whole  area, 
assisted,  hoA^’ever,  by  the  relatively  more  rapiid  deliveiy  of  the 
flats.  It  may  be  remarked  that  the  surface  storage  of  the  lakes 
of  the  lower-river  system  is  usually  about  exhausted  by  July  24. 

lIoAvever,  it  should  not  be  overlooked  that  in  a long  continued 
drought  the  storage  of  these  flats  becomes  exhausted,  and  Avhen 
this  occurs  there  aaJII  be  very  Ioav  Avater  at  Kochester  until  this 
storage  is  reneAA^ed  by  copious  rainfall. 

As  to  the  propriety  of  including  in  this  discussion  the  area  of 
the  Canaseraga  flats  it  may  be  mentioned  that  high  Avater  is 
stated  by  the  inhabitants  to  onh"  occur  there  Avhen  the  Genesee 
is  full  to  OA’erfloAving  and  is  therefore  mostly  the  result  of  back- 
Avater  from  the  Genesee.  The  catchment  area  of  the  Canaseraga 
creek  is  259  square  miles,  and  although  the  creek  channel  has. 
for  several  miles  only  slight  decliAuty,  it  probably  has  capacity 
enough  to  discharge  the  ordinary  flood-flows,  provided  the  Genesee 
were  kept  within  its  banks. 

The  value  of  a reservoir  on  Genesee  river  in  mitigating  floods 
The  question  Avill  arise  in  storage  projects  as  to  the  value  of  a 
reserwoir  in  mitigating  liood-floAvs.  As  this  matter  has  been 


Table  No.  80  — Effect  of  full  reservoir  in  mitigating  extreme  floods. 
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Total  inflow 
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Outflow  in 
each  period 
in  cu.  ft. 

0 

0 

395,700 
1,583,800 
3,403,500 
5, 784, 400 
8,874,900 
12, 757, 700 

17.640.000 

23.822. 000 
31,790,0(X) 

42.298.000 

56. 730.000 

77.473.000 

109.035.000 

166.035.000 

287.902.000 

7.56.972. 000 

Total  time 
in  seconds 

$ 

0 

1720 

3483 

5309 

7217 

9230 

11375 

13686 

16205 

18992 

22132 

25756 

30074 

35470 

42745 

54085 

81063 

1 

Time 

t 

in  seconds 

0 

1720 

1763 

1826 

1908 

2013 

2145 

2311 

2519 

2787 

3140 

3624 

4318 
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7275 

11340 

26980 
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cu.ft.per  sec. 
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26702 
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Intermediate 
values  of 
0 

1 
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1 
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51.221.000 

51.297.000 

51.374.000 

51.449.000 
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51.602.000 

51.678.000 

51.754.000 

51.830.000 

51.907.000 

51.983.000 

52.059.000 
52,  ia5,ooo 

52.212.000 
52, 287,  TOO 

52.364.000 

52. 439.000 
.52,516,000 

52.592.000 

52.668.000 

o 
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CO  o 

1 

1 

1 

-1 
0 1 

0 

51,221,000 

102.518.000 

153.892.000 

205.341.000 

256. 767. 000 

308.369.000 

360. 047. 000 

411.801.000 

463.631.000 

515.538.000 

567.521.000 

619. 580. 000 

671.715.000 

723.927.000 

776. 214.000 

828. 578.000 

881.017.000 

933.533.000 

986.125.000 
1,038,793,000 

Tot  al  depth 
in  reservoir 
in  feet 

S 

130.0 

130.5 

131.0 

131.5 

132.0 

132.5 

133.0 

133.5 

134.0 

134.5 

135.0 

135.5 

136.0 

1.36.5 

137.0 

137.5 

138.0 

138.5 

139.0 

139.5 

140.0 

h 

above 
crest  in 
feet 

s 

0 

0.5 

1.0 

1.5 
2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 
9.0 

9.5 
10.0 
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worked  out  for  Genesee  river,  the  following  is  herewith  included 
to  illustrate  the  subject : 

The  most  unfavorable  case  that  can  be  assumed  is  that  of  the 
occurrence  of  an  extreme  ninoff  when  the  reservoir  is  full  to  the 
flow  line.  Even  under  such  circumstances  the  reservoir  will  still 
act  as  a great  mitigator  of  an  extreme  flood-flow,  as  may  be  seen 
by  inspecting  table  No.  80,  which  has  been  pmpared  specially  to 
illustrate  the  point  in  question.  The  following  discussion  will 
indicate  the  principle  embodied  in  this  table. 

The  efficiency  of  a storage  reservoir  as  a flood  moderator  will 
depend  upon  the  storage  capacity  in  relation  to  the  quantity  of 
water  flowing  in  from  the  catchment  area.  This  capacity  in- 
cludes all  storage  space,  whether  above  or  below  the  crest  of 
the  overflow  weir,  which  may  be  available  at  any  time  of  heavy 
stonn.  Water  is  stored  in  the  space  above  the  crest  only  tem- 
porarily, but  this  space  may  still  play  an  important  part  in 
reducing  the  maximum  discharge  below  the  reservoir,  by  extend- 
ing the  time  within  which  the  total  surplus  has  to  be  passed  down. 

Inasmuch  as  extreme  flood-flows  are  of  short  duration,  we  may 
neglect  the  effect  of  evaporation,  absorption  and  leakage,  whence 
it  becomes  evident  that  the  discharge  by  the  overflow  weir  or 
sluices  will  be  equal  to  the  quantity  i^eceived,  less  the  quantity 
retained,  Avhether  temporarily  or  otherwise. 

We  will  assume  that  the  water  stands  at  the  level  of  the  crest  at 
the  instant  when  the  inflow  becomes  equal  to  30,000  cubic  feet  per 
second,  and  that  the  inflow  remains  constant  at  that  figtire  for  24 
hours,  after  which  it  gradually  decreases.  We  desire  to  deter- 
mine the  length  of  time  which  will  elapse  before  the  outflow 
reaches  30,000  cubic  feet  per  second,  and  the  approximate  time 
it  will  remain  at  about  that  figure.  With  the  following  notation  : 

h ==:  any  given  bight  above  the  crest  in  linear  feet  and  hi,  lu, 
I13,  etc.,  successive  equal  bights. 

C = storage  capacity  corresponding  to  h,  and  Oi,  O2,  C3,  etc., 
successive  capacities. 

Q = discharging  capacity  of  the  overflow  weir  in  cubic  feet  per 
second,  as  determined  by  the  formula  Q = 3.33  V h^  x 
for  the  given  values  of  h,  hj,  h2,  h3,  etc. 
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Qp  = the  mean  discharge  in  cubic  feet  per  second  for  any  given 

Qhi  + Qho 

period,  as  for  instance,  Q = and 

2 

Qh2  Qhs 

Qp^  = , etc 

2 


S = inflow  from  catchment  area,  taken  in  the  present  case  at 
30,000  cubic  feet  per  second;  and 
t = the  time  in  seconds  in  which  the  water  will  rise  to  any  given 
value  of  h above  crest. 

AVhence  we  have  the  formula. 


G 

t = 

S— Qp 

by  which  table  No.  80  has  been  computed. 


(41) 


On  referring  to  table  No.  80  we  learn : 

1)  That,  with  water  surface  in  reservoir  at  level  of  crest  of 
overflow  weir  and  a constant  inflow  of  30,000  cubic  feet  per  second, 
it  will  be  about  6.5  hours  before  the  outflow  will  reach  15,000  cubic 
feet  per  second. 

2)  That  under  the  same  conditions  it  will  be  about  24  hours 
before  the  outflow  will  reach  approximately  30,000  cubic  feet  per 
second. 

3)  Inasmuch  as  the  original  assumption  was  that  the  inflow 
should  only  be  at  the  rate  of  30,000  cubic  feet  per  second  for  24 
hours  and  then  gradually  decrease,  w^e  may  therefore  say  that  the 
flow  at  rate  of  about  30,000  cubic  feet  per  second  would  only  be 
for  say  two  or  three  hours,  instead  of  at  least  24,  as  it  would  have 
been  without  the  assistance  of  the  surface  storage  of  the  reservoir. 

4)  The  total  inflow  in  22.5  hours  would  be  2,431,782,000  cubic 
feet,  of  which  34  per  cent  of  the  whole  would  be  stored  during 
that  time  temporarily  in  the  reservoir. 

Other  deductions  can  be  made,  but  the  foregoing  are  enough  to 
show  the  value  of  such  a reservoir  as  a moderator  of  floods  even 
when  entirely  filled  at  the  beginning  of  the  maximum  flow. 

In  the  same  way  if  we  assume  the  reservoir  full  and  an  inflow 
at  the  rate  of  40,000  cubic  feet  per  second,  we  learn  on  making 
the  numerical  computation  that  about  19  hours  would  elapse 
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lM‘fore  the  oiitfloAv  would  reacdi  a])]u*oxiiiiately  tliat  aiuoimt,  in 
which  time  a depth  of  ten  feet  would  be  reached  on  the  crest. 
The  total  iufioAV  in  19  hours  would  be  2,904, Tdo.OOO  cubic  feet,  of 
Avhich  1,8()5,942,000  cubic  feet  Avould  How  out  and  1,038,793,000 
cubic  feet,  or  nearly  30  ]»er  cent  of  the  whole  Avould  be  stored  tem- 
])orarily  on  the  surface  of  the  reseia’oir.^ 

Floods  in  Oswego  river.  The  highest  water  reported  in  Oswego 
river  is  a depth  of  4 feet  on  the  crest  of  the  dam  at  Fulton,  the 
lioAv  being  19,500  cubic  b^t^t  ])er  second,  the  ordinary  spring  Hood 
amounting  to  17,700  cubic  feet  ])er  second.  This  figure  is  verified 
by  the  statement  of  the  late  Charles  Rhodes,  Esq.  of  the  Oswego 
Canal  Company,  who  studied  Oswego  river  extensively  and  who, 
according  to  the  Report  on  IVater  Rower  of  the  United  States  in 
the  Tenth  Census,  considered  that  the  ordinary  Hood  discharge  at 
Oswego  Avas  from  16,000  to  17,000  cubi(*  feet  ])er  second,  and  that 
an  excessive  Hood  might  be  as  large  as  41,000  to  42,000  cubic  feet 
]»(*r  second,  these  latter  figur(‘s  ])i*obably  being  the  discharge  of  the 
OsAA'ego  river  in  the  great  Hood  of  ^larch,  1865.  Thus  far  exact 
figures  have  not  been  obtained  of  any  Hood  exceeding  about  21,000 
cubic  feet  per  second.  This  Hoav  Avhen  computed  in  cubic  feet  per 
second  j)er  S(piare  mile  does  not  much  ex(*eed  4 cubic  feet,  Avhich  is 
ATU'V  small. 

The  catchment  area  of  OsAvego  river  at  Oswego  is  5002  square 
miles,  and  a A^ery  interesting  question  arises  as  to  Avhy  a stream 
Avith  so  large  an  area  as  this,  issuing  from  a region  Avith  a mean 
annual  rainfall  of  from  about  30  to  40  inches  and  Avith  lieaAW  snoAV- 
fall,  frequently  melting  suddenly  at  the  end  of  Avinter,  should 
not  shoAV  greater  Hood-HoAvs  than  a maximum  of  about  4 to  8 cubic 
feet  per  second  per  square  mile.  The  ansAver  to  this  may  be 
found  in  considering  the  large  temporary  storage  on  the  surfaces 
of  the  lakes,  marshes  and  flat  valleys  of  OsAvego  basin,  as  shown 
by  the  tabulation  on  page  111. 

Floods  in  Hencca  river.  According  to  statements  made  by 
])eople  at  Baldwinsville,  mill  OAvners  and  others,  ordinary  high 
Avater  in  Seneca  river  is  about  3 feet  on  the  crest  of  the  dam 
there  and  occurs  nearly  every  spring.  This  gives  a discharge 

’Abstract  froiii  Second  Ttcport  on  (ienesee  River  Storaj?e  Project,  dated 
April  1,  1804.  For  fnrtlier  account  of  Genesee  river  floods,  see  Report  of 
Flood  Coinniittee  ajtpointed  b.v  IMayor  of  Rochester  in  11X34. 
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over  the  present  dam  and  through  the  water  wheels  of  13,068  cubic 
feet  per  second.  In  1865,  which  was  a year  of  unusually  high 
floods  in  central  and  western  New  York,  it  is  stated  that  the  water 
went  higher  than  this,  but  no  person  has  been  found  thus  far  who 
is  able  to  give  the  exact  hight.  The  flood  of  1865  is  estimated  at 
tlie  rate  of  6.4  cubic  feet  per  second  per  square  mile. 

All  statements  agree  that  floods  seldom  occur  in  the  fall  of  tlie 
year  in  the  Seneca  river. 

Floods  in  Chittenango  creek.  This  stream  is  tributary  to 
Oneida  lake  and,  like  many  of  the  Oneida  lake  tributaries,  has 
considerable  flat  area.  The  extreme  measured  flood  is  taken  at 
4105  cubic  feet  per  second  (catchment,  307  square  miles),  or  at 
the  rate  of  13  cubic  feet  per  second  per  square  mile. 

Floods  in  Oneida  creek.  Kenwood,  where  the  records  are  kej)t 
on  this  stream,  is  pretty  well  up  from  Oneida  lake,  of  which 
Oneida  creek  is  a tributary.  This  stream  has  a rapid  descent 
from  the  hills  above  the  iDoint  of  gaging,  and  shoAvs  a maximum 
flood  of  about  3930  cubic  feet  per  second  (catchment,  59  square 
miles),  or  at  the  rate  of  41  cubic  feet  per  second  per  square  mile, 
while  ordinary  spring  floods  are  at  the  rate  of  about  15  cubic  feet 
per  second  per  square  mile. 

December  15,  1901,  there  was  a flood  in  this  stream  with  a dis- 
charge of  2075  cubic  feet  per  second,  or  at  the  rate  of  35  cubic 
feet  per  second  per  square  mile. 

Floods  in  Wood  creek.  The  catchment  area  of  this  stream 
aboA’e  the  point  of  gaging  is  mostly  flat,  level  country.  The 
highest  flood  reported  was  in  the  spring  of  1895,  when  the  dis- 
charge was  about  2630  cubic  feet  per  second  (catchment,  126.5 
square  miles),  or  at  tbe  rate  of  about  21  cubic  feet  ]>er  second  per 
square  mile. 

Floods  in  'ivest  hranch  of  Fish  creek.  The  swamp  and  marsh 
area  of  this  stream  is  large  enough  to  distribute  the  flood-floAVS, 
thus  keeping  the  maximum,  Avhich  is  reported  as  having  occurred 
in  1884,  as  measured  at  McConnellsville,  down  to  6170  cubic  feet 
per  second  (catchment,  187  square  miles),  or  about  33  cubic  feet 
per  second  per  square  mile.  The  ordinary  flood-floAvs,  as  taken 
from  high-AAmter  marks  on  McConnellsville  dam,  indicate  18.4 
cubic  feet  per  second  per  square  mile. 
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The  following  data  relative  to  flood-flows  in  this  stream  were 
obtained  for  the  United  States  Board  of  Engineers  on  Deep 
Waterways : 


Location 

Catchment 
ai’ea,  square 
miles 

Date 

Estimate! 

DISCH 

1 

Cubic  feet  per 
second 

) MAXI]\!UM 
ARGE 

Cubic  feet  per 
second  per 
square  mile 

(D 

(3) 

(3) 

(4) 

(5) 

Williamstown  

16.2 

500 

30.9 

Williamstowii 

16.5 

561 

34.0 

"West  Camden 

47.5 

Spring  1884. . . . 

1,620 

34.1 

Camden 

61.4 

June,  1889  . . . . 

1,475 

24.1 

Camden 

61.5 

1,417 

23.0 

Camden 

61.5 

1 , 456 

23.5 

Camden 

68.8 

1,335 

21.9 

McConnellsville 

187.0 

1884 

6, 170 

32.7 

Taberg  station 

387.0 

March  14,  1898. 

5, 875 

15.2 

Fish  Creek 

533.0 

Mai'ch  15. 1898. 

7,597 

14.2 

Point  Rocki 

104.3 

Fall,  1897 

8, 400 

80.5 

iQu  east  branch  of  Fish  creek. 


Floods  in  Mad  river.  This  stream  is  tributary  to  the  west  branch 
of  Fish  creek  at  Camden.  Maximum  flood-flows  from  well-defined 
high-water  marks,  as  measured  at  this  place,  are  922  cubic  feet 
per  second  (catchment,  47  square  miles),  or  at  the  rate  of  20  cubic 
feet  per  second  per  square  mile.  As  measured  at  the  gristmill 
dam,  just  below  the  preceding,  with  one  mile  additional  catchment 
area,  they  are  1030  cubic  feet  per  second,  or  at  the  rate  of  about 
22  cubic  feet  per  second  per  square  mile. 

Floods  in  east  hranch  of  Fish  creek.  The  catchment  area  of 
this  stream  above  Point  Rock,  where  the  gaging  station  is  estab- 
lished, is  quite  different  from  that  of  the  west  branch  of  Fish  creek 
above  McConnellsville.  The  stream  rises  very  rapidly  and  the 
surface  soil  is  such  as  to  give  large  runoffs.  The  maximum  flood 
is  reported  as  having  occurred  in  the  fall  of  1897,  with  a total 
runoff  of  8400  cubic  feet  per  second  (catchment,  104  square  miles), 
or  80.5  cubic  feet  per  second  per  square  mile.  Ordinary  floods, 
as  determined  from  high-water  marks,  are  about  37  cubic  feet  per 
second  per  square  mile. 
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Floods  in  Beaver  Dam  creek.  This  stream  is  reported  as  having 
given  (date  uncertain)  a flood-flow  as  measured  near  Altniar  of 
2300  cubic  feet  per  second  (catchment,  21  square  miles),  or  at  the 
rate  of  111  cubic  feet  per  second  per  square  mile. 

Floods  in  Salmon  river,  west.  This  stream  has  a catchment 
area  of  190.5  square  miles  above  Henderson’s  mill,  of  which  10  to 
20  square  miles  are  flats,  the  balance  of  the  area  having  rather 
sharp  slopes.  The  soil  is  sandy.  The  maximum  flood  is  reported 
as  occurring  in  the  summer  of  1888  and  was  due  to  heavy  summer 
rains.  The  figures  are  5670  cubic  feet  per  second,  or  at  the  rate 
of  30  cubic  feet  per  second  per  square  mile.  The  ordinary  floods 
do  not  exceed  about  20  cubic  feet  per  second  per  square  mile.  The 
upper  part  of  the  catchment  is  mostly  primeval  forest. 

Data  from  flood  flights  Avere  also  obtained  at  Altmar,  three 
miles  below  Henderson’s  mill,  as  follows : Maximum,  6100  cubic 
feet  per  second  (catchment  221  square  miles),  or  at  the  rate  of 
28  cubic  feet  per  second  per  square  mile. 

Floods  in  Trout  hrook.  This  stream  is  reported  as  having- 
given  a flood-flow  at  Centerville  (date  uncertain),  of  1166  cubic 
feet  per  second  (catchment,  23  square  miles),  or  at  the  rate  of  51 
cubic  feet  per  second  per  square  mile. 

Floods  in  Skinner  creek.  This  stream  is  reported  as  having- 
given  in  the  summer  of  1891  a flood-flow  at  Mansville  of  790  cubic 
feet  per  second  (catchment,  6 square  miles),  or  at  the  rate  of  from 
125  to  130  cubic  feet  per  second  per  square  mile. 

Floods  in  south  hranch  of  Sandy  creek.  In  December,  1898, 
this  stream  gave  a flood-flow  at  Adams  of  3840  cubic  feet  per 
second  (catchment,  110  square  miles),  or  at  the  rate  of  35  cubic 
feet  per  second  per  square  mile.  At  Allandale  a flood-flow  is 
reported  in  1890  or  1891  of  6000  cubic  feet  per  second  (catchment, 
68  square  miles),  or  at  the  rate  of  88  cubic  feet  per  second  per 
square  mile.  Ordinary  flood-flows  in  this  stream  average  perhaps 
35  cubic  feet  per  second  per  square  mile. 

Floods  in  north  ttranch  of  Sandy  creek.  A flood-flow  was  meas- 
ured in  this  stream  at  Adams  in  the  winter  of  1897  of  7410  cubic 
feet  per  second.  The  catchment  area  is  the  same  as  that  of  the 
south  branch  at  this  place,  or  110  square  miles.  Hence,  the  flow 
Avas  at  the  rate  of  67  cubic  feet  per  second  per  square  mile.  Ordi- 
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nary  flood-flows  are  at  the  rate  of  about  30  to  35  cubic  feet  p<>r 
second  per  square  mile. 

Floods  in  Black  river.  Heavy  floods  have  occurred  in  Black 
river  in  1807,  1833,  1850,  1857,  1802,  1800,  1809  and  189().  Tlie 
flood  of  April  20-24,  1809,  was  specially  heavy,  there  being  a 
heavy  snoTN’fall  over  nearly;  the  entire  catchment  area,  which 
melted  rapidly  that  year.  In  addition  to  the  ground  being  heavily 
covered  with  snow,  about  2.2  inches  of  rain  fell  in  some  parts  of 
Black  river  catchment  basin  from  April  17-23,  though  this  quan- 
tity of  rain,  which  was  only  over  a portion  of  the  catchment  area, 
hardly  explains  the  severity  of  the  flood.  The  greater  portion  of 
the  water  evidently  came  from  rapid  melting  of  snow. 

Flood  in  Black  river  in  April,  1869.  Om  April  21,  1809,  the 
banks  of  Xortli  lake  reservoir,  a structure  maintained  by  the  Stale 
for  tlie  purpose  of  storing  water  for  the  Black  river  and  Erie 
canals,  gave  wa}',  precipitating  into  the  heavily  swollen  stream 
about  350,000,000  cubic  feet  of  water.  This  accident  was  made 
the  basis  of  large  claims  for  damages  against  the  State,  which 
were  tried  before  the  Canal  A]>])raisers  in  the  summer  and  fall  of 
1809.  The  testimony  in  this  case,  which  included  two  large  octavo 
volumes  of  over  twelve  hundred  pages,  is  the  source  of  the  follow- 
ing information  as  to  flood-flo\\  s of  Jtlack  river  and  its  tributaries, 
in  the  spring  of  1809 : 

The  Black  river  flood  of  April,  1809,  was  studied  by  David  M. 
Green,  Samuel  McKlroy,  William  J.  McAlpine,  L.  L.  Nichols  and 
other  hydraulic  engineers  ‘of  that  day.  The  testimony  may,  there- 
fore, be  referred  to  as  furnishing  unusually  good  flood  data. 

Mr  Nichols  stated  that  he  not  only  measured  the  lengths  of 
the  crests  of  the  dams  on  the  several  streams  for  which  flood- 
flows  were  given,  but  that  he  also  instrumen tally  determined 
the  hight  of  flood  marks  above  the  crests.  This  work  was  done 
u'ithin  a few  months  after  the  flood  while  the  matter  Avas  fresh 
in  the  minds  of  everybody.  He  further  stated  that  the  tabulated 
flood-floAvs  were  obtained  by  com])uting  Avith  Francis’s  formula 
for  discharge  OA^er  sharp-crested  Aveirs  Avith  clear  overfall.  The 
dams,  however,  on  Avhich  the  flood-flows  Avere  measured  were  of 
such  a form  as  to  indicate  the  use  of  Cornell  experiments  Nos. 


IIYDIiOLOGY  OF  NEW  YORK 


4G3 


1 or  2 as  giviug  more  nearly  the  actual  Hows,  and  accordingly 
the  Hows  have  been  computed  by  the  use  of  the  isaid  coefficients. 
By  way  of  showing  the  relation  betw-een  the  Hows  as  per  Francis’s 
fonnula  and  by  Cornell  experiments  Nos.  1 and  2,  the  following 
tabulation  is  submitted,  the  last  column  giving  the  difference 
between  Francis’s  formula  and  the  mean  of  ex])eriments  Nos.  1 
and  2 as  a per  cent  of  the  How  by  Francis’s  formula  : 


Cubic  eeet  per  second 

PER  FOOT  OF  CREST 

! Ditt'erence 

Difference 
as  a per  cent 
of  flow  by 
Francis’s 
formula 

Head  on  Crest 
Feet 

Cornell 
experiments 
Nos.  1 and  2 

Francis’s 

formula 

of  columns 
(2)  and  (3) 

(1) 

(‘U 

('U 

(4) 

(5) 

0.5 

*1.17 

1.18 

0.01 

0.8 

1.0 

*3.44 

3.33 

*0.11 

3.3 

1.5 

*6.59 

6.12 

0.47 

7.7 

2.0 

10.50 

9.42 

1.08 

10.4 

2.5 

14.59 

13.16 

1.43 

10.8 

3.0 

19.12 

17.30 

1.82 

10.5 

3.5 

24.20 

21.90 

2.30 

10.5 

4.0 

29.66 

26.64 

3.02 

11.3 

4.5 

35.40 

31.78 

3.62 

11.4 

5.0  

41.46 

37.20 

4.26 

11 .5 

* Mean  taken 


In  jKissing,  it  may  be  remarked  that  the  Hood-Hows  of  Black 
river  have  been  computed  by  either  Bazin’s  coefficients  or  by  the 
coefficients  deduced  from  the  Cornell  University  experiments. 

In  its  course  from  the  headwaters  in  Hamilton  county  to  Lake 
Ontario  at  Dexter,  Black  river  has  topographically  three  distinct 
subdivisions:  (1)  The  ui)per  valley  above  Lyon  Falls;  (2)  the  mid- 
dle valley  stretch  from  Lyon  Falls  to  Carthage,  and  (3)  the  lower 
valley  with  rapid  fall  from  Carthage  to  Black  river  bay.  The 
second  division,  from  Lyon  Falls  to  Carthage,  is  a broad.  Hat 
valley. 

The  catchment  area  of  the  whole  river  above  Dexter  is  1930 
square  miles;  above  Carthage,  1812  square  miles,  and  above  the 
mouth  of  Moose  river,  463  square  miles.  The  following  are  the 
areas  of  the  principal  tributaries:  Deer  river  at  mouth,  102 
square  miles;  Beaver  river  at  mouth,  337.5  square  miles;  IMoose 
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river  at  mouth,  415.5  square  miles;  Woodhull  creek  at  moulli, 
108  square  miles;  Otter  creek,  above  Casler’s  dam,  63  square 
miles;  Independence  creek,  99  square  miles.^ 

The  descent  of  the  river  above  Lyon  Falls,  as  well  as  below 
Carthage,  is  very  rapid.  At  North  lake  reservoir  the  elevation  is 
1821  feet  above  tidewater;  at  Forestport,  1126  feet;  at  Lyon  Falls, 
above  the  dam,  799  feet,  and  at  Carthage,  723  feet.  At  Dexter, 
at  Lake  Ontario  level,  the  elevation  is  247  feet.“ 

Throughout  the  flat  portion  of  the  stream,  betAveen  Lyon  Falls 
and  Carthage,  the  river  at  ordimary  stages  ranges  from  250  to 
300  feet  wide,  increasing  to  about  500  feet  above  the  Carthage 
dam,  which  is  966  feet  long.  In  a powerful  freshet  like  that  of 
1869  the  flats  on  each  side  are  overfloAved  to  a great  width  and 
considerable  depth,  the  quantity  of  Avaiter  accumulated  in  large 
floods  being  computed  at  from  4,000,000,000  to  6,000,000,000  cubic 
feet.  If  we  take  into  account  the  water  held  in  the  interstices 
of  the  soil,  the  temporary  storage  is  considerably  higher  than 
indicated  by  these  figures.  In  this  reach  of  the  river,  which  is 
alluvial  in  its  formation,  there  are  now  two  dams  of  4 feet  each, 
with  locks  for  facilitating  navigation. 

The  riv^er  has  no  affluents  of  any  magnitude  below  Carthage, 
but  a few  miles  above  that  place,  on  the  Avest  side.  Deer  river 
comes  in.  There  are  also  a number  of  secondary  creeks  between 
Deer  river  and  Lyon  Falls.  On  the  east  side  the  chief  affluents 
are  Bea\^er  riA^er,  Independence  creek.  Otter  creek  and  other  sec- 
ondary creeks  below  Lyon  Falls,  with  Moose  ri\"er  flowing  in  just 
jibove  Lyon  Falls.  All  of  these  streams  between  Carthage  and 
Lyon  Falls  have  rapid  descents,  with  consequent  large  flood- 
flows. 

The  following  tabulation  gives  the  catchment  area  of  Otter  and 
Independence  creeks,  as  well  as  of  Beaver  and  Deer  rivers  and 
Black  river,  including  Moose  river  above  Lyon  Falls,  together  with 

^For  statement  in  more  detail  of  the  Black  river  catchment  orea  and 
elevations,  see  pages  221-222. 

^The  fall  in  Black  river  from  the  foot  of  Lyon  Falls  to  Carthage  is  9 feet 
in  a distance  of  about  30  miles  in  a straight  line.  The  distance  by  the 
meander  of  the  river  is  considerably  greater  than  this.  This  intermediate 
flat  stretch  of  river  is  due  to  a rocky  barrier  at  Carthage. 
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the  hood-flows  for  April,  18G9,  the  flows  having  been  corrected  by 
the  use  of  the  Cornell  coefficients  in  the  manner  already  described : 


Catchment  Flood  flow, 

area,  cubic  feet 

Name  of  stream  square  miles  per  second 

Otter 63.0  1,944 

Independence 93.2  6,200 

Beaver 322.3  5,382 

Deer 101.0  7,881 

Black  ^ 878.5  40,400 


Total 1458.0  61,807 


From  the  preceding  tabulation]  it  appears  that  a catchment 
area  of  1458  square  miles  yielded  a maximum  flood-flow  about 
April  22,  1869,  of  61,807  cubic  feet  per  second,  or  at  the  rate  of 
42.3  cubic  feet  per  second  per  square  mile.  The  total  area  above 
Carthage,  however,  is  1812.2  square  miles.  Assuming  the  same 
average  flow  from  the  balance  of  the  catchment  area  as  from  the 
1458  square  miles  included  in  the  streams  tabulated,  it  follows 
that  the  total  inflow  to  the  pond  area  between  Carthage  and 
Iwon  Falls  was  at  the  rate  of  75,830  cubic  feet  per  second.  The 
greatest  floAv  at  Carthage,  which  occurred  April  23,  1869,  was  only 
39,529  cubic  feet  per  second,  the  effect  of  the  temporary  pondage 
above  tliat  place  having  been  to  reduce  the  flood  from  about 
76,000  cubic  feet  per  second  to  about  40,000  cubic  feet  per  second. 

Inasmuch  as  there  are  no  affluents  to  the  stream  below 
Carthage,  there  is  no  special  reason  why  the  flood-flow  below  that 
]flace  should  have  any  higher  rate  than  at  Carthage.  The  reported 
flow  at  Watertown  in  April,  1869,  of  39,696  cubic  feet  per  second 
is,  therefore,  considered  as  fairly  justifying  the  Carthage  figure. 
A comparison  of  the  two  shows  at  any  rate  that  the  error  is  not 
likely  to  be  more  than  a few  per  cent. 

On  April  21,  1900,  the  calculated  discharge  over  the  Ilnnting- 
tonvilie  dam  was  30,150  cubic  feet  per  second  (catchment,  1889 
square  miles),  or  at  the  rate  of  about  16  cubic  feet  per  second 
per  square  mile.  December  15,  1901,  there  was  a flood  with  a cal- 
culated discharge  of  37,000  cubic  feet  per  second,  or  19.2  cubic 
feet  per  second  per  square  mile. 
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Floods  in  Woodhull  creek.  The  hood-tloAV  of  this  stream  at  Hill 
laiinery  in  April,  18G9,  was  4040  cubic  feet  per  second  (catch- 
ment, lO'S  square  miles),  or  at  the  rate  of  37  cubic  feet  per  second 
per  square  mile. 

Floods  in  Moose  river.  The  flow  of  this  stream  at  Ager’s  paper 
mill  in  April,  18G0,  was  12,G44  cubic  feet  per  second  (catchment, 
407  square  miles),  or  at  the  rate  of  31  cubic  feet  per  second 
per  squai’e  mile. 

Floods  in  Otter  creek.  The  How  of  this  stimin  at  Casler’s 
paper  mill  in  April,  18G0,  was  1944  cubic  feet  per  second  (catch- 
ment, G3  square  miles),  or  at  the  rate  of  31  cubic  feet  per  second 
per  square  mile. 

Floods  in  Independoiee  creek.  The  flow  of  this  stream  at 
CraudalTs  paper  mill  in  April,  18G9,  was  6200  cubic  feet  pei' 
second  (catchment,  93  square  miles),  or  at  the  rate  of  G7  cubic 
feet  per  second  i»er  square  mile. 

Floods  in  Beaver  river.  The  flow  of  this  stream  at  Beaver  Falls 
in  A])i'il,  18G9,  was  5382  cubic  feet  per  second  (catchment,  322 
sc]uare  miles),  or  at  the  rate  of  17  cubic  feet  per  second  per  square 
mile. 

Floods  in  Deer  river.  Tlie  How  of  this  stream  at  Deer  River 
in  A])ril,  1869,  was  7881  cubic  feet  per  second  (catchment,  101 
square*  miles),  or  at  the  rate  of  78  cubic  feet  per  second  x>er  square 
mile.^ 

Floods  in  Osircf/atch ir  rirn\  Tlie  lii^liest  Hood  reported  in  the 
Oswegatchie  river  at  Ogdensburg  (date  unknown)  gave  a depth  of 
5.5  feet  on  the  crest  of  the  dam.  This  de]>th  corresponds  to  a dis- 
charge of  15,500  cubic  feet  per  second  (catchment,  1609  square 
miles),  or  to  10  cubic  feet  ])er  second  per  square  mile. 

Above  the  Black  lake  inlet  the  Hood  discharge  estimated  from 
high  water  marks  is  9000  cubic  feet  per  second  (catchment,  900 
sq\iare  miles),  or  at  the  rate  of  10  cubic  feet  per  second  per  square 
mile.  At  Town  Line  bridge  the  flood  discharge  of  Indian  river 
on  September  28,  1900,  was  29  cubic  feet  per  second. 

iTlic  fore^^oin"  in  rogard  to  the  flood-flows  in  ISflO  in  Woodhnll  creek, 
Moose  river,  Otter  creek.  Independence  creek,  Beaver  river  and  Deer  river 
is  taken  from  the  evidence  relating  to  the  Black  river  claims. 

A considerable  number  of  the  foregoing  flood-flows  are  from  table  No.  124. 
in  the  report  to  the  Board  of  Engineers  on  Deep  Waterways,  to  which 
reference  may  be  made  for  detail  not  given  here. 
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Floods  in  Raqiiette  river.  The  estiiii'atecl  flood  discharge  of 
K^iqiiette  river  at  Piercefield  about  May  1,  1900,  was  7000  cubic 
feet  ])er  second  (catchment,  700  square  miles),  or  at  the  rate  of 
about  10  cubic  feet  i)er  secouid  per  square  mile.  Owing  to  a large 
amount  of  lake  storage,  probablj'  the  llood-tlows  ol  Ilaquette  river 
do  not  often  exceed  this,  although  they  may  occasionally  rise 
somewhat  higher. 

Floods  in  Hudson  river.  The  maximum  flood  of  this  stream 
is  state'd  to  have  occurred  in  the  spring  of  1869,  and  at  Mechanic- 
ville  amounted  to  about  70,000  cubic  feet  per  second  (catchment, 
4500  square  miles) , or  was  at  the  rate  of  15.5  cubic  feet  per  second 
])er  square  mile.  Gagings  have  been  made  at  Mechanicville  for 
sixteen  years,  the  highest  flood  during  the  period  having  been 
59,400  cubic  feet  per  second  on  April  9,  1896.  The  large  pondage 
on  natural  lakes  and  ponds  on  the  headwaters  of  the  Hudson 
tends  to  reduce  the  severity  of  the  floods.  On  April  18,  1896, 
the  water  stood  on  the  crest  of  the  Fort  Edward  dam  at  the  hight 
of  8.16  feet,  giving  a computed  flow  of  41,675  cubic  feet  per  second 
(catchment,  2800  square  miles),  or  14.7  cubic  feet  per  second  per 
square  mile. 

The  ordinary  floods  at  Fort  Edward,  as  determined  from  the 
last  seven  years’  record,  may  be  taken  at  about  25,000  cubic  feet 
per  second,  or  9.2  cubic  feet  j)er  second  ])er  square  mile.  The  fol- 
lowing tabulation  shows  the  flood-flows  at  Fort  Edward  since  the 
establishment  of  the  station  in  the  fall  of  1895.  As  stated  on  a 
preceding  page  these  flows  may  be  25  per  cent  in  error. 


Date 

^Maximum  DISCHARGE-^ 
Cubic 

Cubic  feet  feet  per 

per  second  second  per 

square  mile 

April  18,  1896 

42,620 

15.2 

November  7,  1896 

24,550 

S.7 

April  12,  1897 

23,732 

8.5 

June  12,  1897 

8.3 

December  17,  1897 

27,920 

10.0 

March  16,  1898 

29,856 

10.7 

April  25,  1898 

32,159 

11.5 

April  23,  1900 

43,900 

15.7 

April  23,  1901 

42,820 

15.3 

Hudson  river  has  a catchment  area  of  about  12,200  square  miles 
in  New  York,  200  square  miles  in  New  Jersey^  320  square  miles  in 
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Massaclmsetts  and  300  square  miles  in  Yerinont,  or  over  13,000 
square  miles  in  all.  It  drains  about  one-fourth  of  the  land  area 
of  tlie  State.  Above  Troy  it  is  a normal  stream  of  varying  inclina- 
tion, gradually  increasing  as  we  go  toward  the  source.  The 
crest  of  Saratoga  dam,  180  miles  from  the  mouth  of  the  river,  is 
at  an  elevation  of  102  feet,  giving  a grade  for  30  miles  of  3.2  feet 
per  mile.  At  the  Fort  Edward  railway  bridge,  190  miles  from  the 
mouth,  the  hight  above  the  sea  is  118  feet,  giving  a grade  for  10 
miles  of  l.G  feet  per  mile.  At  the  crest  of  the  Glens  Falls  feeder 
dam,  a distance  of  197  miles  from  the  mouth,  the  hight  of  the  river 
above  the  level  of  the  sea  is  281  feet,  giving  a grade  for  7 miles 
of  23.7  feet  per  mile.  At  the  mouth  of  Sacandaga  river,  21G  miles 
from  the  mouth,  the  hight  above  sea  level  is  53G  feet,  giving  a 
grade  for  19  miles  of  13.3  feet  per  mile;  and  so  on,  until  finally,, 
at  the  extreme  head,  in  Lake  Tear  of  the  Clouds,  300  miles  from 
the  mouth  of  the  river,  the  hight  above  sea  level  is  4322  feet,  and 
the  average  grade  for  the  ])receding  34  miles  is  84.4  feet  per  mile. 
This  condition  of  steep  grades  in  the  upper  reaches,  with  flat 
grades  in  the  lower  reaches,  while  true  of  all  streams,  is  markedly 
true  in  the  case  of  New  York  State  streams. 

The  main  tributaries  of  the  tidal  portion  of  the  Hudson  are  the 
Croton,  with  a catchment  of  3G5  square  miles;  Fishkill,  draining 
204  square  miles;  Kondout  creek,  including  the  Wallkill,  draining 
1148  square  miles;  Esopus  creek,  draining  417  square  miles;  the 
Catskill,  draining  394  square  miles,  and  the  Kinderhook,  draining 
304  square  miles.  The  Croton  is  regulated  by  storage  reservoirs 
for  the  water  sup])ly  of  New  York  city,  and  most  of  the  other 
tributaries  mentioned  have  been  studied  with  reference  to  their 
availability  for  municipal  Avater  supplies. 

Broadly,  such  studies  indicate  that  AAdiile  these  streams  are  con- 
trollable by  storage  reservoirs,  their  topography  is  such  as  to- 
make  development  very  costly.  Generally  they  Avould  be  too  ex- 
pensive for  flood  prevention  merely.  AboA^e  the  tidal  portion,  Avhicli 
terminates  at  the  Troy  dam,  the  conditions  are  different.  The 
MohaAvk  river,  Avith  a catchment  area  of  3500  square  miles,  joins 
the  Hudson  at  Cohoes.  Higher  up  the  Hoosic,  the  Battenkill  and 
Fish  creek  enter.  At  Hadley  the  Sacandaga,  Avith  a catchment 
area  of  1057  square  miles,  enters,  and  at  Thurman  the  Schroon 
riv’^er,  with  a catchment  of  570  square  miles.  Farther  north  the 
Indian  and  Cedar  riA^ers  join. 
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'Serious  flood  coiiditious  exist  in  the  upper  part  of  the  tidal  por- 
tion of  the  Hudson  from  Troy  to  Coxsackie,  a distance  of  about 
30  miles.  The  channel  is  shallow,  crooked  and  narrow  and  the 
full  effect  of  floods  in  the  Mohawk  and  upper  Hudson,  which  come 
together  near  the  head  of  the  tidal  section,  are  concentrated  here. 
At  the  ordinary  low  stage  the  current  is  intermittently  reversed 
by  the  tide,  but  upon  the  occurrence  of  a flood  in  the  Mohawk  and 
upper  Hudson  the  water  rushes  into  this  upper  portion  of  the 
tidal  section  until  a cross-section,  slope,  and  velocity  are  acquired 
sufficient  to  carry  the  flood-flOAV,  Avhatever  it  may  be. 

The  flood  conditions  are  greatly  intensified  in  winter  and  early 
spring  by  ice,  Avhich  forms  more  solidly  in  the  tidal  section  than 
in  the  steeper  tributaries.  Whenever  a winter  flood  occurs  the 
breaking  up  of  ice  in  the  upper  part  of  the  tidal  section,  retarded 
by  the  field  below,  continually  increases  in  volume  along  the 
crumbling  upper  edge  of  the  latter,  and  finally  grounds  in  some 
shallow  or  narrow  part  of  this  section,  creating  an  ice  dam,  to 
which  the  most  disastrous  floods  of  this  part  of  the  river  are 
attributable.  These  dams  form  at  various  points  in  the  shallow 
section— siometimes  between  Troy  and  Albany,  but  usually  betAveen 
Albany  and  Ooxsackie.  It  is  the  floods  accompanied  by  these  ice 
dams  that  have  inflicted  the  most  serious  damage  upon  this  sec- 
tion of  the  river. 

Hudson  river  floods  at  A lbany.  The  following  from  the  report 
of  a Committee  of  the  Albany  Chamber  of  Commerce  on  Freshets 
in  the  Hudson  Kiver  Avill  serve  to  shoAV  the  extent  of  Hudson  riA^er 
floods  for  twenty-fiA^e  years : 


Freshets  and  ice  gorges  in  the  Hudson  river 


Year 

Month 

Eleva- 
tion 
above 
M.  L.  AV. 
1876 

Remarks 

_(H_ 

(2) 

(3) 

(4) 

1876 

Feb.  16 

14.0 

1877 

March  30 

No  bad  dam  formed  so  far  as  known. 

1878 

March  5 

No  bad  dam  formed  so  far  as  known. 

1879 

March  27 

No  bad  dam  formed  so  far  as  known. 

1880 

Feb.  14,  Jan.  28. . . 

Trains  on  Susquehanna  E.  R.  could  not 
start  from  depot  on  account  of  higli 
water.  Heavy  rainfall ; river  rose  11  feet 
in  36  hours. 

Gorge  formed  between  Stuyvesant  and 
lower  Kinderhook  light. 

River  12  feet  above  mean  tide. 

1881 

Feb.  12,  Mar.  1,  18 
Feb.  14 

1882 
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Freshets  AND  ice  gorges  in  the  Hudson  river  {couch ided) 


Year 

]Vrontli* 

Eleva- 

tion 

above 

M.  L.  W. 

1876 

Remarks 

(D 

(3) 

(3) 

(4) 

18S2 

March  1-8 

Ice  gorge  formed  at  Douw’s  point. 
No  dam  formed  so  far  as  known 

1888 

March  28 

1SS4 

18S.-) 

Feb.  8,  14,  15,  18, 
22,  24  and  26. . . . 

April  1-4 

1 5 . 45 

Ice  dam  at  Van  Wie’s  point;  dam  at  Four- 
Mile  point. 

Ice  gorge  at  Van  Wie’s  point  and  Quay 
street  submerged. 

Ice  lodged  on  the  “Overslaugh.” 

18H.-) 

January  1 

1886 

1S86 

March  14-26 

Jan.  4-8,  Feb.  18. . 

17.89 

Ice  dam  at  Pleasure  island,  Troy  inundated. 

Ice  dam  between  Castleton  and  Coeymans. 

Docks  and  R.  R.  tracks  submerged.  People’s 
Line  boats  could  not  land  at  their  docks 
until  after  May  5.  Ice  gorge  at  Nutten- 
hook. 

Docks  submerged.  State  and  Dean  streets 
covered. 

No  dam  formed  so  far  as  known. 

No  dam  formed  so  far  as  known. 

1887 

April  1 1-Mav  5 . . . 

1888 

1S89 

Dec.  18,  Apr.  1-7 1 

1 

i 

1890 

ISOl 

February  27 

Ice  dam  formed  south  of  Albany  and  re- 

1S92 

Jan.  15 

mained  until  March  14. 

Water  in  cellars  on  Broadway.  No  bad 

1898 

1 

1894 

March  14 

1 

March  7 

19.00 

16.12 

dam  formed  so  far  as  known. 

Ice  piled  to  a depth  of  from  20  to  80  feet. 

Some  of  the  ice  nearh^  8 feet  thick. 

Ice  darn  from  Cedar  Hill  to  N.  Coeymans. 

1895 

1896 

April  10 ' 

March  1 j 

16.54 
1 7 . 78 

Melting  snow  and  rain.  ^ 

Much  damage  done  to  railroad  b}"  water 
and  ic;e  which  flooded  the  tracks  as  far 
as  Stockport.  Ice  Anally  stopped  at  Four- 
Mile  point  and  remained  until  some  time 
in  April. 

Ice  moved  out  easily. 

No  bad  dam  so  far  as  known. 

1897 

1 

1898 

March  18 

18.80 

1899 

March  6 

12.45 

Gorge  at  Van  Wie’s  point  opposite  Castle- 
ton and  below  North  Coeymans. 

Gorge  below  Kinderhook  Upper  light,  be- 
tween Coeymans — north  end  of  Castleton 
U.  S.  Government  dike  to  Cow  Island 
light. 

Gorge  below  Stone  House  bar. 

Gorge  below  Stone  House  bar. 

1900  i 

Feb.  14 

19.96 

1901 

1902 

December  12 

March  8 

18.56 

18.26 

It  seems  doubtful  whether  witli  the  present  irregularity  of  flow 
in  the  Hudson  there  is  either  any  practicable  means  of  preventing 
the  formation  of  ice  dams  in  tliis  part  of  tlie  river,  or  of  removing 
them  by  artificial  means  when  once  formed.  In  order  to  prevent 
their  formation  it  Avould  be  necessary  to  have  a channel  through 
the  ice  broken  before  the  flood  arrived.  The  fact  that  (1)  floods 
are  to  be  apprehended  at  any  time  during  the  four  months  from 
December  to  April;  (2)  that  tidal  action  at  low  stages  of  the 
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river  would  prevent  the  broken  ice  from  passing  rapidly  a wavy 
and  (3)  that  floods  frequent]}-  come  with  little  warning,  means 
that  to  certainly  prevent  ice  dams  the  ice  must  be  continually 
broken  during  these  months,  a condition  involving  heavy  cost  for 
furnishing  and  operating  povv-erful  ice-breaking  steamers.  !More- 
over,  when  we  consider  that  ice  dams  sometimes  obstruct  the  river 
for  sev'eral  miles  in  extent,  the  impracticability  of  removing  them 
by  mechanical  means  seems  sufficiently  obvious. 

While  it  is  doubtless  possible  to  mitigate  floods  in  this  section 
of  the  riv^er  by  isolating  the  flooded  districts  by  dykes  or  levees, 
which  Avould  necessitate  intercepting  sewers,  as  well  as  the  pump- 
ing of  the  surface  and  sewer  drainage  whenever  there  is  a slight 
freshet  in  the  river,  nevertheless  the  most  rational  treatment  is 
believed  to  be  by  storage  of  the  flood-flow  in  the  upj)er  tributaries 
of  the  stream. 

The  opinion  has  been  expressed  that  storage  should  be  devel- 
oped pro]>ortionate  to  the  catchment  area  on  the  sev^eral  tributaries 
of  the  Hudson  abov’e  Troy,  and  while  this  is  theoretically  true, 
the  writer  imagines  that  the  question  of  cost  will  finally  come  in, 
veiw  greatly  modifying  any  ])urely  theoretical  deductions  based 
on  this  view.  To  show  how  material  an  element  in  the  problem 
cost  may  become,  it  may  l>e  mentioned  that  reservoirs  hav^e  been 
at  various  times  considered  costing  from  about  |20  per  million 
cubic  feet  stored,  to  as  high  as  |200  or  |300  per  million  cubic  feet. 
The  cost  of  such  reservoirs  as  compared  with  the  cost  of  reservoirs 
for  municipal  purposes,  even  at  these  prices,  is  very  low,  the  cost 
])er  million  gallons  frequently  rising  higher  than  the  cost  per 
million  cubic  feet  here  proposed.  But  nobody  is  likely  to  expend 
a large  amount  of  money  in  order  to  meet  the  theoretical  require- 
ment of  equal  storage  in  all  parts  of  a catchment  area  when  con- 
siderably less  money  will  build  a storage  reservoir  of  equal 
capacity  elsewhere.  Practically,  therefore,  it  is  impossible  to  reg- 
ulate as  large  a catchment  as  that  of  the  Hudson  river  to  anything 
like  a uniform  flow  throughout  all  of  its  tributaries.  The  mere 
matter  of  cost  alone  will  militate  against  such  a conclusion.  In 
a few  words  the  conditions  are  that  in  the  u]q)er  Hudson,  abov^e 
Glens  Falls,  very  extensiv^e  storage  reservoirs  may  be  constructed, 
either  on  the  main  river  or  its  chief  tributaries,  Sacandaga, 
Schroon  and  Cedar  riv^ers,  which  v^ere  estimated  in  1895,  for  the 
whole  system,  to  cost  something  like  |60  per  million  cubic  feet 
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of  water  stored.  Probably  at  the  present  time  they  will  cost  some- 
what more,  but  for  water  storage  merely  they  will  not  exceed  |75 
or  |80  per  million  cubic  feet.  On  the  Mohawk  and  its  tributaries 
conditions  are  much  less  favorable.  Reservoirs  there  are  likely 
to  cost  from  |200  to  |300  j)er  million  cubic  feet.  Hence,  as  a 
financial  proposition,  the  Hudson  river  cabove  Mechanicville  is 
likely  to  be  more  thoroughl}'  regulated  than  the  ^lohawk  river  and 
its  tributaries,  the  more  specially  since  water  storage  has  not 
only  value  here  for  preventing  floods,  but  is  also  of  considerable 
value  for  water  power.  The  same  is  true  on  the  Mohawk  river, 
but  the  limit  of  cost  of  Avater  power  in  comparison  with  steam 
]>OAA'er  will  be  much  sooner  reached  on  this  stream  than  on  the 
ujyper  Hudson.  Since  this  phase  of  the  subject  is  extensively  dis- 
cussed in  the  first  report  on  the  upper  Hudson  storage,  it  is  merely 
referred  to  here. 

Floods  uiCrotoih  river.  The  catchment  of  the  Croton  river  consists 
of  a broken,  hilly  country  Avith  its  surface  soil  composed  princi- 
])ally  of  sand  and  graA’el.  Clay,  hardpan  and  peat,  while  found 
in  a few  localities,  are  for  the  AAdiole  area  only  present  to  a limited 
extent.  The  rock  formation  consists  generally  of  gneiss,  although 
strata  of  limestone,  some  micaceous  and  talcose  slates,  Avith  A^eins 
of  granite,  serpentine  and  iron  ore,  occur  in  a feAV  i)laces.  The 
catchment  area  is  about  339  square  miles,  above  the  old  Croton 
dam,  at  which  jvoint  daily  gagings  of  the  stream  have  been  taken 
since  1807.  According  to  J.  J.  R.  Croes  there  is  a AA^ell -attested 
case  of  a maximum  flood  of  35,370  cubic  feet  per  second,  or  74.9 
cubic  feer  per  second  iter  square  mile.  In  reference  to  these  figures 
it  may  be  remarked  that  probably  they  have  been  obtained  by 
the  use  of  Francis’s  formula.  The  profile  of  the  old  Croton  dam, 
however,  shows  a rounded  crest  which,  according  to  Bazin’s  co- 
efficient, series  No.  193,  Avould  give,  Avith  about  5 feet  depth  on  the 
crest,  a discharge  from  37  to  38  per  cent  higher  than  Francis’s 
formula.  The  maximum  flood  of  the  Croton  may,  therefore,  be 
from  30,000  to  35,000  cubic  feet  per  second,  or  possibly  as  high  as 
103  cubic  feet  per  second  per  square  mile. 

January  7-8,  1841,  a seA-ere  flood  occurred  which  washed  away 
the  earthen  bank  of  Croton  dam.  At  that  time  the  ground  was 
•covered  Avith  eighteen  inches  of  snoAV,  and  rain  falling  continu- 
ously for  forty-eight  hours,  with  high  temperature,  produced  a 
serious  flood.  The  OA’erflow  AA^eir  Avas  insufficient  to  discharge  the 
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large  volume,  although  part  of  the  water  was  discharged  through 
the  aqueduct  to  the  waste-weir  at  Mill  river,  fifteen  miles  below 
Croton  dam.  The  water  rose  in  Croton  lake  at  the  rate  of  four- 
teen inches  per  hour.  The  earthen  bank  remained  intact  until  the 
water  nearly  reached  its  top,  when  it  flowed  between  the  frozen 
and  unfrozen  earth,  twenty  inches  below  its  crest,  forming  a 
breach.  The  large  amount  of  ice  in  the  river  demolished  the  pro- 
tection wall  and  the  whole  embankment  was  Avashed  away.  At 
the  time  of  the  accident,  on  January  8,  the  water  flowed  over  the 
weir  to  a depth  of  15  feet. 

Another  severe  flood  occurred  in  November,  1853,  while  in 
April,  1854,  after  unprecedented  rains,  the  worst  freshet  was 
experienced  which  has  yet  been  recorded.  The  depth  ou  the  crest 
of  the  Croton  dam  was  8.25  feet. 

Floods  in  Fishkill  creek.  This  stream  is  subject  to  severe  floods, 
although  there  is  mot  a great  deal  kmoAvm  abcrat  them.  The  follow- 
ing tabulation,  calculated  from  high-water  marks  observed  for  a 
immber  of  years  at  the  Groveville  dam,  emJbodies  practically  all 
the  information.  The  dam  is  of  masonry  faced  with  plank,  with  a 
straight  hiorizontal  crest,  4 feet  wide  and  134  feet  long.  The  dis- 
charge has  been  calculated  by  coefficients  derived  from  Cornell 
University  experiment  No.  11. 


Year 

Month 

Depth  on 
crest,  feet 

Disch 

Cubic  feet 
per  second 

[AKGE 

Cubic  feet 
per  second 
per  square 
mile 

(1) 

(3) 

(3) 

(4) 

(5) 

- 1882 

September  24 

6.3 

7,700 

38.5 

1888 

March  22 

5.0 

5,200 

26.0 

1888 

December  18 

4.5 

4, 400 

22.0 

1891 

January  12 

6.3 

7,  700 

38.5 

1891 

January  13 

4.0 

3,650 

18.3 

1891 

January  22 

4.0 

3, 650 

18.3 

1891 

January  23 

6.9 

8,800 

44.0 

1893 

March  10 

5.0 

5,  200 

26.0 

1893 

March  11 

4.3 

4, 000 

20.0 

1893 

March  12 

5.5 

6,100 

30.5 

1893 

March  13 

5.0 

5,200 

26.0 

1893 

March  14 

4.0 

3,650 

18.3 

1896 

February  7 

6.7 

8,300 

41.5 

1896 

March  1 

4.5 

4, 400 

22.0 

1896 

March  20 

6.7 

8,300 

41.5 

1902 

March  1 

9.5 

13, 700 

68.5 
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Floods  in  WaWx’ill  river.  Yeij  little  infoTuiaition  is  avaiilable 
as  to  the  tiood-tlows  of  this  stream  any  fnrtlier  than  that  on  Angmst 
7,  1901,  the  discharge  at  XeAv  Paltz  was  73G5  cubic  feet  per  second 
(catchment,  730  square  miles),  or  at  the  rate  of  10  cubic  feefper 
second  per  square  mile.  The  extreme  hood  mnst  be  much  higher 
than  this.  ^Ir  Yermenle  states  that  liigh-water  marks  on  Clove 
river,  one  of  the  tributaries  of  the  Wallkill  river,  indicate  a maxi- 
mum discharge  of  07  cubic  feet  ])er  second  (catchment,  0.7  square 
mile),  or  at  Ihe  rate  of  90  cul)ic  feet  per  second  per  square  mile.^ 
This  catchment  is  perhaps  rather  small  for  final  conclusions. 

Floods  in  Esopus  creek.  According  to  the  statement  of  M.  E. 
Evans  in  a report  to  the  Saugerties  Manufacturing  Company,  the 
maximum  flood  in  Esopus  creek  at  KSaugerties  occurred  on  Decem- 
ber 10,  1878.  This  flood  resulted  from  a smowfall  of  six  inches, 
followed  by  excessive  and  continuous  rain  for  three  days.  The 
extreme  depth  om  the  ci^st  of  a dam  330  feet  in  lenglh  was  14 
to  14.5,  feet,  indicating  a flood  discharge  of  from  50,000  to  00,000 
cubic  feet  per  second  (catchment,  417  square  miles),  or  at  the 
rate  of  from  120  to  145  cubic  feet  per  second  per  square  mile. 

Floods  in  Rondout  creek.  The  most  se\’ei*e  flood  in  this  stream 
Avas  that  of  March  1,  1902,  Avhen  there  AA^as  a discharge  as  meas- 
ured at  Rosendale  of  about  14,000  cubic  feet  per  second  (catch- 
ment, 305  square  miles),  or  the  floAv  Avas  at  the  rate  of  38  cubic 
feet  per  second  ]>er  square  mile. 

Floods  in  Cat  skill  creek.  This  stream  is  of  rapid  descent  and 
subject  to  Avide  varialiou  in  lioAV.  From  high-Avater  marks  at 
lYoodstock  dam  the  flood-flow  in  the  spring  of  1901  has  been  com- 
puted at  21,000  cubic*  feet  per  second  (catchment,  210  square 
miles),  or  at  the  rate  of  100  cubic  feet  per  second  per  square  mile. 

Floods  in  the  yo>in(nis  kill.  So  far  as  can  be  learned,  the  only 
information  in  regard  to  flood-floAvs  of  this  stream  is  gi\^en  in  a re- 
port of  the  Water  Commissioners  of  Albany  to  the  Common  Coun- 
cil in  1891  as  to  the  advisal)ility  of  utilizing  this  stream  for  a AATiter 
su])ply  for  the  city  of  Albany.  In  this  report  the  catchment  area 
above  French  ]\Iills  is  stated  at  111  square  miles.  From 
measurements  taken  in  February,  1891,  the  Aoaa"  aaws  1240  cubic 

^Report  on  Water  Siipi)ly.  AA'atei*  Power,  the  Flow  of  Streams  and  Attend- 
ant Phenomena,  by  Cornelius  (\  A'ermenle,  Vol.  TIT  of  the  h^inal  Report  of 
the  State  Geoloi^ist  of  New  Jersey,  ]).  T40. 
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feet  per  second,  or  at  tlie  rate  of  11  cubic  feet  per  second  per 
S(inare  mile.  The  maximum  flood  liiglit  on  the  Harden  dam 
at  Xormaniskill  is  stated  at  4 feet.  This  would  iiidicate  a hood 
disduirge  of  IG  cubic  feet  per  seconid  per  square  mile.  The  maxi- 
mum hood  flight  on  the  dam  just  above  the  highway  at  Kenwood 
is  stated  at  8 feet,  indicating  a discharge  of  22.0  cubic  feet  per 
second  per  scpiare  mile. 

Floods  in  Fchroou  river.  Owing  to  the  regulating  effect  of 
Schroon  lake,  serious  hoods  are  unknown  in  this  stream.  The 
usual  extreme  hoAvs  are  about  8000  cubic  feet  per  second  at  War- 
rensburg  (catchment,  563  square  miles),  or  at  the  rate  of  14  to 
15  cubic  feet  per  second  per  square  mile. 

Floods  in  JJoJwick  river.  Flood-hows  of  the  MohaAvk  river  liaA’e 
been  measured  at  Dunsbach  Ferry,  with  a catchment  area  of  3440 
square  miles,  as  follows: 

/ — Estimated  Discharge — ^ 


Cubic  feet 

Cubic  feet 
per 

Date 

per  second 

second  per 
square  mile 

March  14,  1898 

47,000 

13.8 

KoA'ember  11,  1898 

47,000 

13.8 

November  27,  1900 

.....  24,700 

7.2 

March  37,  1901 

36,200 

10.5 

April  8,  1901 

34,200 

9 . 9 

April  22,  1901 

46,100 

13.4 

December  16,  1901 

52,400 

15 . 3 

In  1892  the  IMohaAAds;  at  Rexford  Flats  howed  at  the  rate  of 
78,350  cubic  feet  per  second  (catchment,  3385  square  miles),  or  23 
cubic  feet  per  second  per  square  mile.  On  February  14,  1900,  the 
how  here  Avas  45,000  cubic  feet  per  second,  or  at  the  rate  of  14 
cubic  feet  per  second  per  square  mile.  Ordinary  hoods  at  this 
place  are  from  30,000  to  35,000  cubic  feet  per  second. 

The  maximum  ddscharge  of  the  river  at  Rocky  Rift  dam  Avas  in 
March,  1901,  and  is  estimated  to  liaA^e  been  23,150  cubic  feet  per 
second  (catchment,  1337  square  miles),  or  at  the  rate  of  17  cubic 
feet  per  second  per  square  niiile.  The  hoAv  has  been  calculated 
from  Cornell  University 'experiments. 

Tn  1890  the  hoAv  at  Little  Falls  is  stated  to  haA^e  been  about 
22.000  cubic  feet  per  second  (catchment,  1306  square  miles),  or 
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at  the  rate  of  IT  cubic  feet  per  second  per  square  mile.  In  Febru- 
ary, 1891,  there  was  a flood  estimated  at  26,260  cubic  feet  per 
second,  or  20  cubic  feet  per  second  per  square  mile.  On  March  14, 
1898,  the  flow  was  at  the  rate  of  23,749  cubic  feet  per  second,  or 
18.2  cubic  feet  per  second  per  square  mile.  Since  the  gaging 
record  has  been  kept  at  Little  Falls  the  following  freshets  have 


occurred : 

, —Discharge « 

Cubic  feet 

Cubic 
feet  per 
second  per 

Date 

per  second 

A])iil  15,  1899 

13,000 

square  mile 
10.0 

April  20,  1900 

15,240 

11.7 

November  27,  1900 

15,669 

12.0 

^rarch  27,  1901 

19,538 

14.9 

December  16,  1901 

26,280 

20.1 

March  U 1902 

27,000 

20.7 

Ordinal^  floods  at  Little  Falls  are  from  12,000  to  15.000  cubic 
feet  per  second. 

The  following  information  in  regard  to  floods  at  Utica  is  mostly 
from  a report  made  in  1900  by  Ste])hen  E.  Babcock  to  the  Mo^ 
hawk  Liver  Straightening  Commission  of  Utica.  A few  flood 
flights  determined  in  1901  and  1902  have  also  been  added.  The 
topographical  elevations  are  plus  tidewater : 


Date 

Elevation 

Estimatel 

Cubic  feet 
per  second 

> Discharge 

Cubic  feet  per 
second  per 
square  mile 

(1) 

(3) 

(3) 

(4) 

Mean  low  water 

394.64 

355 

0.7 

Freshet,  November  22,  1900 

398.49 

1,470 

2.1 

Freshet,  November  27, 1900 

405.44 

8.000 

16.0 

High  water  of  1890 

405.68 

8, 800 

17.4 

High  water,  Februarv  26,  1891 

407.22 

17,300 

34. i5 

High  water,  1 892 

406.44 

12.500 

25.0 

High  water,  1893 

406.37 

12,100 

24.2 

High  water,  1894 

405.62 

8,600 

17.2 

High  water,  1895 

406.32 

11.900 

23.8 

High  water,  1899 

405.52 

9,300 

18.6 

High  water,  March  27,  1901. ...  

406.19 

11,100 

22.2 

High  water,  December  15,  1901 

406.75 

14, 300 

28.6 

High  water,  March  1,  1902 

407.14 

17,200 

34.4 
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The  foregoing  flood  elevations  have  been  deduced  from  current- 
meter  measurements  and,  as  there  is  no  very  satisfactory  i^lace 
for  making  such  measurements  at  Utica,  are  subject  to  consider- 
able error.  The  catchment  area  at  Utica  is  500  square  miles. 

In  the  spring  of  1888,  the  Mohawk  at  Eidge  Mills  gave  a flow 
of  7030  cubic  feet  per  second  (catchment,  153  square  miles),  or  at 
the  rate  of  4G  cubic  feet  per  second  per  square  mile.  On  March 
12,  1898,  the  flow  at  the  same  point  was  5266  cubic  feet  per  second, 
or  at  the  rate  of  35  cubic  feet  per  second  per  square  mile. 

In  the  foregoing  at  Eidge  Mills  and  Little  Falls  the  data  have 
been  computed  in  accordance  with  the  Cornell  University  coeffi- 
cients. The  ratio  of  the  catchment  area  at  Little  Falls  to  that  of 
Eidge  Mills  is  8.56.  If  Ave  assume  the  flow  of  the  several  tributary 
streams  above  Little  Falls  to  have  been  the  same  as  that  of  the 
main  Mohawk  river  above  Eidge  Mills,  the  maximum  discharge  of 
the  entire  catchment  area  is  found  by  multiplying  5266,  the  flow 
in  cubic  feet  per  second  at  Eidge  Mills  on  March  12, 1898,  by  8.56, 
the  ratio  of  the  catchment  areas.  This  gives  a maximum  inflow 
into  the  Mohawk  river  above  Little  Falls  of  about  45,000  cubic 
feet  per  second.  Probably,  howeA^er,  this  assumption  is  too  large 
for  the  special  case  under  consideration,  as  the  flow  of  Oriskany 
creek  at  Oriskany  on  March  12,  1898,  Avas  only  600  cubic  feet  per 
second,  or  4.1  cubic  feet  per  second  per  square  mile. 

If,  however,  Ave  assume  that  at  some  time  the  total  flow  from 
the  tributary  streams  above  Little  Falls  will  approximate  about 
35  cubic  feet  per  second  j^er  square  mile,  it  folioAvs  that  we  may 
expect  an  inflow  into  the  valley  aboA^e  Little  Falls  of  certainly 
45,000  cubic  feet  per  second,  although  probably  in  March,  1898,  it 
did  not  reach  that  flgure.  As  to  Avhy  such  a flow  is  possible,  we 
may  consider  (1)  that  tributary  streams  all  liaA^e  a rapid  descent 
from  the  adjacent  high  ground,  And  (2)  the  large  temporary  stor- 
age of  the  flats  above  Little  Falls. 

By  way  of  showing  the  character  of  the  infloAving  streams  the 
following  data  relative  to  the  descent  of  a number  of  the  more 
important  ones  are  cited.  In  the  folloAving  tabulation  we  have 
the  name  of  the  tributary,  distance  from  headwaters  to  mouth, 
and  eleA^ation  of  the  headwaters,  the  elevation  being  taken  not  at 
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tlie  extreme,  but  usually  at  some  poiut  where  the  stream  branches, 
within  a short  distance  of  the  extreme  headwaters: 


Name  of  stream 

Distance 
from  head- 
waters to 
mouth,  miles 

Elevation 
of  head- 
waters 
above  tide 

MohaAvk  river,  above  Ridge  Mills.  . . . 

23 

1,000 

Nine  Mile  creek 

10 

700 

Oriskany  creek 

19 

1,000-1,240 

Sauquoit  creek 

15 

1,200 

Sterling  creek 

(i 

1,000 

MaTer  creek 

7 

1,200 

IVest  Canada  creek 

04 

2,300 

East  Canada  creek 

19 

1,000 

Canajoharie  creek 

15 

1,350 

Cavadutta  creek 

12 

800 

Schoharie  creek 

75 

1,800 

Cobleskill  (tributary  to  Scholmrie 
creek)  

20 

1,177 

Batavia  kill  (tributary  1o  Schoharie 
creek ) 

17 

2,000 

C h u c t e 11  u 11  d a ( • rtndc 

8 

800 

South  (Jhuctenunda  (‘i'(H‘k 

11 

1,100 

Alplnus  kill! 

12 

000 

As  furtlier  showing  that  tlie  u])})ei'  Mohawk — the  imrtion  above 
Little  Falls — must  be,  so  far  as  dcdivery  in  the  broad  level  valley 
is  concerned,  a relatively  rai>id  stream,  Ave  may  consider  that  this 
division  of  the  catchment  ai-ea  is  quite  narrow,  being  at  the 
extreme  Avestern  end  about  45  miles  and  at  Utica  about  25  miles. 
On  the  north  side  of  the  valley  lUack  river  canal,  follOAving  the 
general  course  of  the  riA-er  and  its  chief  tributary  above  Koine,  the 
Lansing  kill,  rises  to  an  eleAmtion  of  1200  feet  on  the  Boonville 
summit  in  a distance  of  25  miles.  To  the  south  of  Utica  the  aban- 
doned Chenango  canal,  folloAving  a circuitous  route,  reaches  an 
eleA^ation  of  112G  feet  on  the  Ilouckville  summit  in  a distance  of 
about  24  miles. 

The  mean  elevation  of  the  MohaAvk  ATilley  ])roper,  from  a short 
distance  above  Little  Falls  to  Rome,  may  be  taken  from  about  380 
to  420  or  430.  At  Rome,  above  the  feeder  dam,  the  elevation  of  the 
Avater  surfai’e  above  mean  sea  level  is  430.5  feet ; at  the  New  York 

1 "riiis  is  tlie  present  cornipted  spelling  of  the  stream  originally  called 
^Valpl:iatz — a good  place  for  eels. 
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('oiiti-nl  Hudson  River  raili'oad  crossing,  four  miles  east  of 
Rome,  it  is  418.4  feet;  at  the  crossing  three  miles  east  of  Utica  the 
water  surface  is  393.3  feet;  at  the  mouth  of  Schoharie  creek  it  is 
about  270  feet,  and  at  the  Xew  York  Central  & Hudson  River  rail- 
road crossing  at  iSchenectady  it  is  214  feet.  The  foregoing  tabula- 
tion, which  includes  streams  below  Little  Falls  as  well  as  above, 
indicates  that  raj)id  flood  delivery  is  the  marked  characteristic  of 
all  the  tributary  IMohawk  streams. 

The  area  of  the  flats  between  Little  Falls  and  Rome  as  computed 
from  the  United  States  Geological  Survey  topographic  sheets  is 
about  21  square  miles,  this  area  including  in  effect  the  flats 
between  the  400  and  420  contours.  Adding  thereto  somewhat  for 
nearly  level  area  above  the  420  contour,  Ave  may  take  the  total  area 
on  Avhich  temporary  pondage  may  exist  during  flood-flows  at  some- 
thing like  30  square  miles.  The  effect  of  this  pondage,  so  long 
as  the  present  natural  conditions  are  maintained,  Avill  be  to  con- 
siderably^ lengthen  the  })eriod  of  flood  runoff  at  Little  trails,  thus 
decreasing  the  maximum  at  that  place. 

The  ^Mohawk  river  flood  of  August  24-20,  1898,  may  be  men- 
tioned. On  August  23  and  24  very  heavy  thunderstorms  occurred 
throughout  the  central  and  eastern  portions  of  the  State.  They 
were  specially  severe  about  Utica,  Avith  the  result,  so  far  as  can 
be  learned,  of  yielding  a nearly  unprecedented  summer  flood  in  the 
^lohaAvk.  The  Mohawk  flats  between  Herkimer  and  Rome  Avere 
so  far  covered  Avith  Avater  as  to  do  great  damage  to  standing  cro})S. 
The  Avater  Avas  still  standing  on  the  flats  on  the  afternoon  of 
August  27,  but  Avas  down  into  the  channel  again  on  the  afternoon 
of  the  28th. 

On  August  25  Nine  Mile  creek,  at  Stittsville,  flowed  approxi- 
mately 7820  cubic  feet  per  second  (catchment,  03  square  miles), 
or  at  the  rate  of  124.9  cubic  feet  per  second  per  square  mile. 

On  the  same  date  West  Canada  creek,  at  Middleville,  gave  a floAv 
of  about  12,950  cubic  feet  per  second  (catchment,  519  square 
miles),  or  about  24.9  cubic  feet  per  second  per  square  mile,  Avhile 
East  Canada  creek,  at  Dolgeville,  floAved  0330  cubic  feet  per 
second  (catchment,  250  square  miles),  or  at  the  rate  of  24.7  cubic 
feet  per  second  per  square  mile. 

Ibmbably  these  flows  were  for  very  short  periods — perhaps  two 
or  three  hours — because  the  highest  Aoaa^  OA^er  the  middle  dam  at 
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Little  Falls  where  the  gagings  were  made  was  about  4 feet  to  4.5 
feet  in  depth,  equivalent  to  a flow  of  from  12,000  to  14,000  cubic 
feet  per  second,  the  temporary  storage  of  the  flats  reducing  the 
quantity  at  Little  Falls  very  greatly. 

By  way  of  showing  the  quantity'  of  rainfall  causing  the  flood 
of  August  24-2G,  1898,  the  following  precipitations  at  a number  of 
points  in  the  central  and  eastern  portions  of  the  State  are  cited 
from  the  monthly  report  of  the  New  York  State  Weather  Bureau : 


Rainfall,  in  inches 


Name  of  Place 

August  23 

August  24 

Total 

Cooperstown  

. 1.9G 

1.40 

3.3G 

Oneonta  

. 1.10 

2.18 

3.28 

Gloversville  

. 1.24 

1.30 

2.54 

Little  Falls  (near  city) 

. 0.G4 

0.5G 

1.20 

Little  Falls  reservoir  (8  miles  north) 

. 1.G8 

2.78 

4.4G 

Number  Four 

. 1.71 

0.88 

2.59 

Kings  Station 

. 0.35 

2.3G 

2.71 

Albany  

. 0.50 

1.8G 

2.3G 

Greenwich  

. I.IG 

1.58 

2.74 

Rome  

. 1.20 

1.40 

2. GO 

Saratoga  Springs 

. 0.23 

1.79 

2.02 

Watertown 

. 1.45 

0.43 

1.88 

Taking  all  the  facts  into  consideration,  there  seems  to  be  no 
reasonable  doubt  but  that  the  streams  tributary  to  the  Mohawk 
river  above  Little  Falls  for  a short  time  on  August  24  or  25  deliv- 
ered water  into  the  flat  area  at  the  rate  of  perhaps  40,000  cubic  feet 
per  second.  By  way  of  illustrating  further  why  this  large  inflow 
did  not  produce  a greater  flow  at  Little  Falls,  we  may  consider 
that  for  from  thirty  to  fifty  days  previous  to  August  23  the  rain- 
fall on  and  in  the  vicinity  of  the  Mohawk  catchment  area  had  been 
rather  low.  The  total  for  the  Mohawk  valley  in  July,  1898,  as  de- 
duced from  Weather  Bureau  stations  at  Little  Falls,  Canajoharie, 
St  Johnsville  and  Rome  was  3.93  inches,  2.53  inches  of  this  having 
fallen  on  July  18  and  19.  The  concentration  of  the  rainfall  of 
the  month  into  these  two  days  had  the  effect  of  sending  a very 
large  portion  of  it  into  the  streams,  only  a small  portion  going 
to  replenish  ground  water.  On  August  1 the  Mohawk  valley 
record  shows  1.18  inches  precipitation,  the  total  for  that  month 
being  7.12  inches.  We  may  assume,  therefore,  that  ground  water 
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was  rather  low  August  23.  Hence,  Mohawk  Hats  were  in  shape 
to  absorb  a considerable  portion  of  the  water  delivered  upon  them 
into  the  interstices  below  the  surface.  Assuming,  as  already 
stated,  30  square  miles  to  be  more  or  less  effected  by  such  au  in- 
flow, and  further  assuming  the  interstices  of  the  soil  of  this  30 
square  miles  to  be  for  the  first  8 or  10  feet  of  depth  about  30  per 
cent  to  40  per  cent  of  the  whole  volume,  we  reach  the  conclusion 
that  the  temporary  storage  of  the  fiats  may  have  been  as  much 
as  3,000,000,000  to  4,000,000,000  cubic  feet,  which  sufficiently  ex- 
plains why  the  outgo  at  Little  Falls  did  not  exceed  12,000  to 
14,000  cubic  feet  per  second. 

The  foregoing  figures  do  not  take  into  account  the  extreme  maxi- 
mums  which  may  be  expected  on  this  stream.  So  far  as  can  be 
now  seen,  from  40,000  to  50,000  cubic  feet  per  second  delivery 
into  the  fiats  above  Little  Falls  is  rather  common.  The  extreme 
maximum  must  be  considerably  greater  than  this.  Without 
being  able  to  cite  specific  floods  proving  the  statement,  the 
writer  is  nevertheless  disposed  to  say,  taking  into  account  the 
known  maximum  floods  of  other  streams  of  the  State — ^Chemung, 
Oenesee  and  Croton  rivers — that  at  some  time  the  Mohawk  river 
above  Little  Falls  may  yield  something  like  60,000  to  70,000  cubic 
feet  per  second,  or  at  the  rate  of  perhaps  46  to  54  cubic  feet  per 
second  per  square  mile. 

A study  of  the  flood-flows  of  the  Mohawk  river  would  be  incom- 
plete without  some  reference  to  the  surface  geology  of  the  catch- 
ment area.  The  main  trough  of  the  valley  lies  entirely  within  the 
horizon  of  the  Hudson  river  and  Utica  shales,  where  the  soils,  aside 
from  immediately  in  the  flat,  level  valley,  are  heavy  and  compact. 
On  the  north  side,  beyond  the  horizon  of  the  shales,  Trenton  lime- 
stone and  calciferous  and  sand-rock  appear.  At  Little  Falls,  St 
Johnsville  and  Amsterdam  these  formations  extend  down  into  the 
valley  to  the  thread  of  the  stream.  To  the  north  of  the  Trenton 
limestone  and  calciferous  sand-rock  the  Laurentian  granite  ap- 
pears, the  headwaters  of  West  and  East  Canada  creeks  lying  in  this 
formation,  while  the  less  extended  streams  on  the  north  side  ter- 
minate either  in  the  shale  or  limestone  and  sand-rock  horizons. 
In  the  vicinity  of  Fonda,  Johnstown,  Gloversville  and  Mayfield 
the  shale  formations  extend  for  some  distance  to  the  north  of  the 
trough  of  the  valley,  as  also  they  do  farther  east,  to  the  north  of 
Schenectady. 
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To  the  soutli  of  the  trough  of  the  ^TohaAvk  valley  we  have  first 
the  shales,  followed  in  ascending  series  by  the  Medina  and  Oneida 
sandstones,  the  shales  and  limestones  of  the  Clinton  formation, 
the  Xiagara  limestones,  the  rocks  of  the  salt  groni),  Helder- 
l>erg  limestone,  the  Oriskanv  sandstone,  the  Onondaga  limestone, 
and  finally  the  extended  area  covered  by  the  Catskill  and  Che- 
ninng  sandstones.  The  headwaters  of  Schoharie  creek  issue 
mostly  from  the  Catskill  formation,  although  the  extreme  head- 
waters flow  from  off  the  Oueonta  sandstone,  which,  however,  is 
closely  allied  to  the  (hitskill.  The  shorter  streams  on  the  south 
side  issue  from  the  horizon  of  the  Hudson  and  Utica  shales,  the 
same  as  short  streams  to  the  north.^ 

The  soils  of  a considei’able  ]K)rtion  of  the  Mohawk  river  catch- 
ment area  are  consequently  heavy  and  impermeable,  and  further 
tend  to  give  heavy  runotfs  at  time  of  flood-flow. 

As  regards  flood-flows  in  the  lower  Mohawk  river,  the  stream 
divides  naturally  at  Little  Falls.  Below  that  point  the  flat  are<i 
is  relatively  more  restrict(al,  and  the  flood-flows  probably  larger 
in  volume  than  at  Little  Falls.  ^Ve  have  already  given  ])articu- 
lars  of  the  highest  flood  at  Kexford  Flats,  where  the  catchment  is 
S385  square  miles.  According  to  the  Ke])ort  on  AVater  Power  in 
the  Tenth  Census,  in  an  extreme  flood  Avhich  occurred  about  1860 
to  1865  there  is  stated  to  have  been  a depth  of  12  feet  of  water  on 
the  Cohoes  dam,  which  is  1400  feet  in  length.  If  such  a de])th 
actually  occurred,  the  discharge  may  have  been  over  200,000  cubic 
feet  per  second  or  at  the  rate  of  over  59  cubic  feet  per  second  per 
square  mile.  The  informal  ion  at  hand  does  not  indicate  a flow 
over  about  78,350  cubic  feet  per  second  or  23  cubic  feet  per  second 
l>er  square  mile  at  the  Kexford  Flats  dam.  The  maximum,  how- 
ever, in  view  of  the  foregoing,  ma}^  be  placed  at  a considerably 
higher  figure  than  this. 

Floods  in  Cayadutta  creek.  The  maximum  flood  of  this  stream 
near  Johnstown  is  stated  to  have  occurred  in  the  spring  of  1896, 
at  which  time  the  flow  was  2895  cubic  feet  per  second  (catchment, 
40  square  miles),  or  at  the  rate  of  72  cubic  feet  per  second  per 
square  mile. 

^Also  see  statements  regarding  geology  of  Mohawk  valley  on  p.  411. 
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Floods  in  Schoharie  creek.  The  flow  of  this  stream  at  Fort 
Hunter  in  1892  was  41,715  cubic  feet  per  second  (catchment  94T 
square  miles),  or  at  the  rate  of  44  cubic  feet  per  second  per  square 
mile. 


Fig.  8(i  Cross-section  of  clam  of  Eiii])ire  State  Power  Com])any  at  Scho- 
liarie  falls. 


In  1899  and  1900  the  Empire  State  Power  Company  erected  a dam 
and  power  plant  on  Schoharie  creek  at  Schoharie  falls,  seven  miles 
from  the  city  of  Amsterdam.  The  .crest  of  this  dam  was  originally 
380  feet  in  length.  During  a flood  on  March  21,  1901,  the  water 
attained  a depth  on  the  crest  of  11.2  feet.  The  calculated  dis- 
charge was  49,000  cubic  feet  per  second  (catchment,  930  square 
miles),  or  at  the  rate  of  53  cubic  feet  per  second  per  square  mile. 
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This  Hood  is  stated  to  iiave  been  due  to  an  ice  gorge  farther  up- 
stream. 

On  April  22,  1904,  there  was  a Hood  of  38,400  cubic  feet  per 
second,  or  at  the  rate  of  41  cubic  feet  per  second  per  square  mile. 
This  flood  is  stated  to  have  resulted  from  heavy  rainfall. 

The  Hood-Hows  of  this  stream  are  very  heavy,  and  probably  the 
extreme  maximum  may  be  taken  at  from  60  to  65  cubic  feet  per 
second  per  square  mile. 

The  headwaters  of  Schoharie  creek  issue  from  the  horizon  of 
the  Catskill  group,  which  is  closely  allied  to  the  Chemung,  from 
whence  it  is  probable  that  like  the  Genesee  river,  in  the  western 
part  of  the  State,  floods  are  not  only  frequent,  but  very  heavy. 
Exceedingly  heavy  Hoods  are  ascribed  to  Schoharie  creek  by 
tradition. 

Floods  in  Garoga  creei.  A flood  of  16  cubic  feet  per  second  per 
square  mile  is,  so  far  as  can  be  learned,  the  highest  flood  in  this 
stream.  The  stream  rises  in  the  Garoga  lakes  and  I’eck  pond. 

Floods  in  East  Canada  creek.  The  maximum  flood  in  this 
stream  at  Dolgeville  is  reported  as  having  occurred  on  August  25, 
1898,  at  which  time  the  flow  was  6330  cubic  feet  per  second  (catch- 
ment, 256  square  miles),  or  at  the  rate  of  25  cubic  feet  per  second 
per  square  mile.  The  flow  at  Dolgeville  on  April  18,  1900,  was 
5385  cubic  feet  per  second,  or  at  the  rate  of  21  cubic  feet  per 
second  per  square  mile. 

In  reference  to  the  moderate  flow  of  iVugust  25,  1898,  it  may  be 
remarked  that  probably  the  heavy  rainfall  of  August  23  and  24 
did  not  extend  over  the  greater  part  of  this  catchment.  At  North 
lake  the  rainfall  of  these  two  days  was  only  0.89  inch. 

On  December  15,  1901,  there  was  a flow  at  Dolgeville  of  12,150 
cubic  feet  per  second,  or  at  the  rate  of  47.4  cubic  feet  per  second 
per  square  mile. 

Floods  in  West  Canada  ereek.  The  maximum  flood  in  this 
stream  as  measured  at  Trenton  Falls  dam  occurred  on  December 
15,  1901.  It  is  estimated  at  36,300  cubic  feet  per  second  (catch- 
ment, 375  square  miles),  or  at  the  rate  of  97  cubic  feet  per  second 
per  square  mile.  It  is  probable  that  this  flood  was  considerably 
increased  by  the  failure  of  the  Hinckley  dam,  a short  distance 
upstream.  The  flood  was  caused  by  heavy  rains  falling  on  frozen 
ground. 
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A liigli-Avater  mark  at  the  Newport  dam  indicates  a hood  dis- 
charge on  August  25,  1898,  of  22,000  cubic  feet  per  second  (catch- 
ment, 472  square  miles),  or  at  the  rate  of  47  cubic  feet  per  second 
per  square  mile. 

At  Middleville  the  flood  of  August  25,  1898,  is  estimated  to  have 
discharged  12,950  cubic  feet  per  second  (catchment,  519  square 
miles),  or  the  flow  was  at  the  rate  of  25  cubic  feet  per  second  per 
square  mile. 

In  August,  1874,  a flood  at  Hinckley  is  estimated  at  21,100 
cubic  feet  per  second  (catchment,  360  square  miles),  or  at  the 
rate  of  59  cubic  feet  per  second  per  square  mile.  It  is  probable 
that  flood  flows  as  high  as  from  60  to  70  cubic  feet  per  second  per 
square  mile  are  rather  common  in  West  Canada  creek. 

Floods  in  Sauquoit  creek.  The  figures  for  this  stream  are  not 
very  definite,  but  so  far  as  they  go  thej^  indicate  that  floods  of  50 
cubic  feet  per  second  per  square  mile  are  not  uncommon. 

Floods  in  Oriskany  creek.  In  the  spring  of  1888  a flood  is  re- 
ported in  this  stream  as  measured  at  Coleman  of  7830  cubic  feet 
per  second  (catchment,  141  square  miles),  or  at  the  rate  of  56 
cubic  feet  per  second  per  square  mile. 

In  the  spring  of  1896  a flood  is  also  reported  in  this  stream,  as 
measured  at  Oriskany,  of -7510  cubic  feet  per  second  (catchment, 
144  square  miles),  or  at  the  rate  of  52  cubic  feet  per  second  per 
square  mile.  Ordinary  floods  in  this  stream  range  from  18  to  25 
cubic  feet  per  second  per  square  mile. 

Floods  in  Nine  Mile  creek.  On  August  25,  1898,  there  was  a 
flood-flow  at  Stittsville  for  a short  time  of  7820  cubic  feet  per 
second  (catchment,  63  square  miles),  or  the  stream  flowed  at  the 
rate  of  125  cubic  feet  per  second  per  square  mile. 

On  March  12,  1898,  the  flow  at  Stittsville  was  1800  cubic  feet 
per  second,  or  at  the  rate  of  29  cubic  feet  per  second  per  square 
mile. 

Floods  in  A llegheny  river.  Nothing  is  known  in  regard  to  the 
flood-flows  of  Allegheny  river  and  its  tributaries  any  further  than 
that  the  tributaries  in  their  upper  portions  have  heavy  flows.  As 
an  estimate,  purely,  many  of  them  may  be  placed  at  from  60  to  70 
cubic  feet  per  second  per  square  mile,  but  like  streams  in  other 
parts  of  the  State,  they  need  to  be  studied  on  their  merits. 
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Floods  in  Siisquchaiina  river.  By  coiiiiiion  consent  the  highest 
Hood  experienced  in  this  stream  within  the  historical  period  was 
in  March,  1865,  but  aside  from  the  fact  that  considerable  damage 
ensued,  little  is  knowm  in  regard  thereto.  The  entire  region 
drained  by  the  Susquehanna  river  in  New  York  State,  as  well  as  in 
Pennsylvania,  is  not  only  mountainous,  but  largely  denuded  of 
timber.  The  flood-flows  of  the  stream  are,  therefore,  large.  The 
catchment  area  above  Chenango  river  is  2100  square  miles.  There 
is  a State  dam,  formerly  used  in  connection  with  Chenango  canal, 
across  this  river  at  Binghamton,  and  S.  E.  Monroe,  City  Engineer 


of  Binghamton,  has  compiled  a map  on. which  he  has  placed  high- 
water  elevations  during  the  flood  of  March,  1902,  together  with  a 
])lan  elevation  and  cross-section  of  dam.  The  figures  show  that 
the  de])th  on  the  crest  of  this  dam  was  13.1  feet,  with  a difference 
of  elevation  above  and  below  the  dam  of  two  feet.  Computing  the 
flow  over  this  dam  as  a submerged  w’eir,  and  making  various  cor- 
rections, including  one  for  the  water  flowing  through  the  lock  at 
the  south  side  of  the  river,  it  is  found  that  the  flood-flo’sv  in  March, 
1902,  was  about  70,000  to  80,000  cubic  feet  per  second,  or  possibly 
at  the  rate  of  something  over  33  cubic  feet  per  second  per 
square  mile.  A flow  at  this  rate  is  less  than  might  reasonably 
be  expected;  accordingly  it  may  be  assumed  that  the  flood  of 
i\Iarch,  1902,  was  not  the  largest  flood  likely  to  occur  on  the  Sus- 
quehanna river.  Comparing  it  with  other  similar  streams,  there 
seems  reason  for  supposing  that  at  some  time  there  may  be  a flood 
here  of  at  least  50  cubic  feet  per  second  per  square  mile.  Such 
extreme  floods,  however,  do  not  occur  more  than  once  or  twice  in 
a century.  The  flood  of  March,  1865,  which  is  the  largest  known, 
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probably  ap})i‘oxi mated  these  figures.  Probably  the  headwaters 
of  this  stream  will  give  flood-flows  of  60  to  70  cubic  feet  per 
second  per  square  mile. 

Chenango  river.  The  serious  flood  which  occurred  at  Bingham- 
ton on  March  l-;>,  1002,  Avas  mostly  due  to  the  overflow  of  Che- 
nango river.  A flood  committee  appointed  by  the  Mayor  of  Bing- 
hamton has  reported  the  total  damage  resulting  from  this  flood  at 
116,720. 

The  committee  also  submitted  a detailed  statement,  with  names 
of  individuals,  showing  a total  decrease  in  valuation  of  property 
of  144,800. 

The  flood-flow  of  Chenango  river  is  estimated  at  from  40,000 
to  45,000  cubic  feet  per  second  (catchment,  1582  square  miles), 
or  at  the  rate  of  possibly  30  cubic  feet  per  second  per  square  mile. 
It  is  probable  that  the  smaller  tributaries  towards  the  head- 
AAmters  have  flood-flows  of  50  to  60  cubic  feet  per  second  per 
square  mile. 

Floods  in  Chemung  river.  The  Chemung  river,  as  well  as  its 
tributaries,  the  Cohocton  and  the  Canisteo,  is  a gently  flowing  or 
alluvial  river.  The  third  tributary,  the  Tioga,  is  torrential  for 
the  greater  portion  of  its  length. 

The  city  of  Corning  is  situated  on  the  Chemung  river,  about 
two  miles  below  the  junction  of  the  Tioga  and  the  Cohocton.  A 
large  portion  of  the  city  is  built  directly  in  the  valley  below  flood 
level,  from  whence  it  results  that  Corning  has  suffered  seriously 
from  floods,  but  the  city  has  recently  carried  out  a system  of 
improvements  which  thus  far  has  prevented  these  inundations. 
The  river  flows  near  the  south  side  of  the  valley,  Avith  the  greater 
portion  of  Corning  lying  on  the  alluvial  strip  to  the  north — the 
balance  of  the  city  extends  up  the  abrupt  hill,  flanking  the  valley 
on  the  south.  The  greater  part  of  the  floods  occur  on  the  north- 
ern side  of  the  river,  though  there  have  been  some  which  were 
more  severe  on  the  south  side,  owing  to  the  denser  population.  In 
1892  an  act  Avas  passed  by  the  legislature  creating  a Board  of 
River  Commissioners  Avith  authority  to  carry  out  the  needed  im- 
proA’ements  and  to  issue  bonds  to  pay  for  them.  This  act  was 
amended  in  1895,  extending  the  authority  to  issue  bonds  to 
1150,000.  The  improvement  was  begun  in  1896  and  completed  in 
1897.  The  general  plan  was  to  enlarge  the  river  channel  through 
and  beloAv  the  city  and  to  raise  the  banks  by  artificial  d^dvcs. 
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The  minimimi  cross-section  allowed  through  the  bridges  is 
10,500  square  feet.  The  dykes  have  a total  length  of  4.9  miles 
and  vary  in  hight  from  4 to  19  feet.  These  dykes  not  only  extend 
along  the  river  front  opposite  the  city  and  for  a considerable  dis- 
tance downstream,  but  also  extend  for  nearly  two  miles  along 
the.  westerly  bank  of  Post  creek,  a torrential  tributary  reaching 
the  river  from  the  north.  Several  streams  and  a number  of  sur- 
face-water drains  are  provided  for  in  different  ways — ^some  were 
carried  in  closed  conduits  which  extend  above  high-water  mark 
on  the  land  side;  others  were  carried  through  the  dyke  by  cast- 
iron  pipes,  with  gate  valves  and  automatic  flap  valves  at  the  river 
end. 

The  foregoing  river  improvement,  although  inaugurated  and 
carried  out  as  a city  measure,  did  not  include  a reach  of  the  south 
bank  of  the  river,  which  was  protected  by  an  embankment  and 
slope  wall  built  a.  number  of  years  before  by  the  State  of  New 
York.  In  the  course  of  time  this  embankment  has  deteriorated  sa 
that  the  portion  of  the  river  front  protected  by  it  is  now  in  an 
unsatisfactory  condition.  During  the  floods  of  1902  the  high 
water  was  only  kept  from  going  over  this  old  embankment  by 
temporary  work.  Formerly,  the  State  appropriated  funds  to 
maintain  this  embankment,  with  the  result  that  the  local  authori- 
ties consider  that  the  burden  of  maintaining  it  now  rests  with  the 
State. 

The  city  of  Elmira  lies  on  the  Chemung  river,  about  twenty-five 
miles  above  where  it  joins  the  Susquehanna.  Floods  are  common 
here  the  same  as  at  Corning,  fifteen  miles  above.  Within  the 
historical  period  the  most  severe  flood  is  that  of  June  1,  1889.  At 
this  time,  according  to  a report  made  by  Francis  Collingwood,  the 
stream  flowed  at  the  rate  of  138,000  cubic  feet  per  second  (catch- 
ment, 2,055  square  miles),  or  67  cubic  feet  per  second  per  square 
mile. 

Mr  Collingwood  submitted  a report  of  bis  investigations,  to- 
gether with  a map  of  the  river  with  flood  profile  for  June  1,  1889. 
This  profile  shows  obstructions  to  flood-flow  are  caused  by  a dam 
extending  across  the  river  near  the  west  city  line  and  by  several 
bridges  spanning  the  river  below  this  dam.  In  addition  to  these 
specific  obstructions  the  general  condition  of  the  channel  through 
the  city  is  unfavorable  to  a free  discharge  of  floods.  The  river 


HYDROLOGY  OF  NEW  YORK 


489 


channel  is  characterized  by  breadth  and  sh^illowness,-  wich  -abrnpt 
changes  of  width  and  depth.  This  conditiibn  has  been  broaght 
about  by  the  fact  that  the  river  approaches,  EJniHa  Ya^^hta  high 
velocity,  due  to  rapid  descent  for  some  mile&,ab:ovef  ■ ’Th  therefore 
reaches  the  city  loaded  with  sediment  and  moving  large  amounts 
of  detritus  along  its  bed,  but  on  reaching  the  flatter  grades  the 
velocity  is  checked  and  the  stream  is  no  longer  able  to  move  this 
material,  which  is  left  in  the  channel,  gradually  accumulating 
with  each  successive  flood.  The  shoaling  of  the  channel,  due  to 
such  accumulation  of  material,  encourages  the  erosion  of  banks, 
'with  the  result  that  the  channel  increases  in  width  and  becomes 
shallower.  During  the  flood  of  1889  the  river  rose  to  a bight  of 
14  feet  above  low  water  mark,  and  a number  of  floods  since  that 
time  have  approached  this  in  severity.  In  ^larch,  1902,  about 
thirteen  hundred  acres  within  the  business  and  residence  portions 
of  the  city  were  inundated  and  the  flood  damage  in  that  year  has 
been  estimated  at  |155,000. 

'Mr  Collingwood  prepared  five  alternative  plans  for  flood  pre- 
vention, differing  in  the  extent  of  protection  to  be  secured  and 
the  permanence  and  character  of  the  improvement.  The  first  of 
these  is  estimated  to  cost  $700,000;  the  second,  $640,000;  the 
third,  $376,000;  the  fourth,  $336,000,  while  in  the  fifth  scheme 
an  immediate  expenditure  of  $133,000  is  suggested,  with  moder- 
ate annual  expenditure  until  the  desired  result  is  finally  reached. 

In  this  connection,  Mr  Collingwood  suggests  that  the  city 
should  buy  its  own  dredging  plant.  The  total  cost  of  a suitable 
plant  would  be  about  $25,000.  In  order  to  prevent  the  gradual 
filling  up  of  streams,  raising  them  more  and  more  with  each 
flood,  Mr  Collingwood  suggests  that  the  material  should  be  taken 
from  the  bed  of  the  streams. 

Without  knowing  the  condition  fully,  the  Avriter  doubts 
whether  any  scheme  of  partial  dyking  on  Chemung  river  can  be 
permanently  effective.  The  whole  river  should  be  considered  be- 
fore any  actual  work  of  construction  is  undertaken.^ 

'^The  facts  in  regard  to  floods  at  Elmira  have  been  obtained  from  the 
Report  on  the  Protection  of  the  City  of  Elmira,  N.  Y.,  against  Floods,  by 
Francis  Collingwood,  dated  February  12.  1890.  The  balance  of  the  infor- 
mation in  regard  to  floods  on  Chemung  river  is  from  the  Report  of  the 
AVater  Storage  Commission. 
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Floo.ds"iii  Vauist^o  river.  This  stream  is  subject  to  severe 
iI'Oods'froi/T  Avhich  the*  cky  of  Hornellsville  has  suffered  gi’eatly 
in  the  'past'v  . The-  fall  of  Oandsteo  river  for  two  miles  above  the 
i!iouth  of^  Caiiacadea  creek  is  2 feet  per  mile,  while  below  the 
mouth  of  that  creek  it  is  8 feet  per  mile.  Above  the  mouths  of 
Bennett  and  Stephens  creeks  the  fall  is  3^  feet  per  mile  and  10 
feet  per  mile  below  their  mouths.  These  facts  illustrate  the  effect 
of  torrential  tributaries  of  a stream  in  flattening  slopes  above 
their  confluence  and  increasing  them  below. 

Flood  in  Cohoctou  river.  Conditions  similar  to  those  stated 
for  the  Canisteo  river  apply  on  the  Oohocton  river. 

Floods  in  Delaivare  river.  Very  little  is  known  about  flood- 
llows  in  this  stream,  although  -they  are  undoubtedly  high,  in  many 
cases  no  doubt  approximating  from  70  to  80  cubic  feet  per  second 
per  scpiare  mile.  The  valleys  are  narrow  and  do  not,  generally 
speaking,  offer  any  great  opportunity  for  water  storage. 

Svinmarif  of  infoiination  as  to  maximum  floics  in  Neiv  Yorlc. 
Concluding  the  subject  of  flood-flows  in  New  York,  on  Oswego 
river  and  tributaries,  where  there  is  extremely  large  lake  pond- 
age, the  flood-flows  do  not  exceed  0 to  8 cubic  feet  per  second 
per  square  mile. 

On  the  Hudson  river,  with  considerable  lake  pondage,  the 
extreme  floods  are  15  to  lb  cubic  feet  per  second  per  square  mile. 

On  llie  Black  river,  below  Carthage,  flood-flows  of  16  to  20  cubic 
feet  per  second  square  mile  are  about  the  maximum;  above 
Lyon  Falls,  25  to  40  cubic  feet  per  second  per  square  mile,  and 
in  the  tributaries,  generally  from  30  to  60  cubic  feet  per  second 
per  square  mile. 

On  the  Mohawk  river,  with  steep  torrential  tributaries,  floods 
are  from  20  to  50  cubic  feet  per  second  per  square  mile,  and  in  the 
upper  sections  they  may  be  as  high  as  about  GO  cubic  feet  per 
second  per  square  mile. 

On  the  Genesee  river  the  extreme  maximum  thus  far  observed 
at  Rochester,  above  which  place  there  is  an  extensive  pondage  area, 
is  18  to  24  cubic  feet  per  second  per  s([uare  mile,  while  at  Mount 
Morris  and  Portage  floods  rise  to  over  40  cubic  feet  per  second 
per  square  mile.  On  this  latter  portion  of  the  stream  a possible 
maximum  may  be  expected  of  60  to  70  cubic  feet  per  second  per 
square  mile. 
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Ou  the  Allegheny,  Susquehanna  and  Delaware  rivers  and  their 
tributaries  floods  may  rise  to  50  to  60  cubic  feet  per  second  per 
square  mile,  and  on  torrential  streams  generally,  throughout  the 
State,  they  may  at  times  be  from  80  to  100  cubic  feet  i>er  second 
per  square  mile.  In  a few  cases  on  streams  of  small  catchment 
areas  they  may  rise  to  125  cubic  feet  per  second  per  square  mile. 
The  latter  flows,  however,  are  not  very  common. 

Minimum  Flow  of  Streams  in  New  York 

Whatever  the  purpose  for  which  an  inland  stream  is  to  be 
utilized,  the  first  question  asked  is  witli  regard  to  the  minimum 
flow.  If  for  power  development,  the  minimum  flow  will  determine 
the  amount  of  power  which  can  be  insured  on  a given  head;  if  for 
the  water  supply  of  a town,  the  minimum  flow  will  indicate  at 
once  the  number  of  people  which  may  be  supplied  without  storage. 
From  every  point  of  view,  therefore,  a knowledge  of  minimum  flow 
is  a matter  of  the  first  importance.  Below  are  given  the  minimum 
flows  of  the  inland  streams  of  the  State  of  New  York,  so  far  as 
information  is  at  hand. 

Minimum  flow  of  Niagara  river.  According  to  table  No.  45,  the 
minimum  discharge  of  Niagara  river  was  in  November,  1895,  when 
the  flow  for  the  entire  month  averaged  only  177,852  cubic  feet  per 
second  (catchment  above  Niagara  Falls,  265,100  square  miles),  or 
the  flow  was  at  the  rate  of  0.67  cubic  foot  per  second  per  square 
mile. 

Minimum  flow  of  west  branch  of  Ganadaway  creek.  In  the 
summer  of  1883  measurements  were  made  of  the  Avest  branch  of 
Canadaway  creek  in  Chautauqua  county  from  July  18  to  Sep- 
tember 2 of  that  year.  This  stream,  Avhich  is  the  source  of  the 
water  supply  of  the  village  of  Fredonia,  has  a catchment  area 
above  the  point  of  measurement  of  4.3  square  miles.  The  valley 
is  deep  cut  for  a distance  of  3 miles  from  the  measuring  point  to 
its  extreme  headwaters.  Small  springs  issue  frequently  through- 
out the  valleA\  On  July  18,  1883,  the  stream  was  flowing  at  the 
rate  of  541,620  gallons  in  24  hours,  or  50.2  cubic  feet  per  minute, 
and  very  gradually  decreased  to  270,000  gallons,  or  25  cubic  feet 
per  minute,  on  July  22.  Rains  between  July  22  and  July  29 
brought  the  stream  up  to  a discharge  of  1,319,000  gallons  per  day, 
or  122.1  cubic  feet  per  minute,  on  the  latfer  date.  The  flow  then 
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gradually  decreased  during  the  month  of  August  until,  on  August 
2G,  it  was  only  216,000  gallons  per  day,  or  20  cubic  feet  per  minute, 
which  was  the  lowest  point  reached  during  the  summer  of  1883. 

This  stream  can  not  be  considered  a good  water  yielder.  A 
mean  discharge  of  216,000  gallons  in  twenty-four  hours  from  a 
catchment  area  of  4.3  square  miles  represents  a yield  of  0.334  cubic 
foot  per  second,  or,  Avhat  is  the  same  thing,  0.078  cubic  foot  per 
second  per  square  mile.  It  is  apparent,  therefore,  that  even  a 
spring-fed  stream  Avitli  a deep  valley  in  Chautauqua  county  may 
at  times  furnish  a very  small  outflow,  though  it  should  not  be 
overlooked  that  the  Aoav  of  0.078  cubic  foot  per  second  per  square 
mile  Avas  the  extreme  minimum  for  one  day  only.  The  relations 


of  this  extreme  minimum  to  the  daily  flows  during  the  period  coa'- 
ered  by  the  measurements  may  be  easily  gathered  from  an  inspec- 
tion of  table  No.  81.  The  gradual  falling  in  Avater  yield  from 
August  1 to  26  is  the  most  interesting  fact  revealed  by  these 
measurements. 

The  following  was  the  rainfall  at  the  point  of  measurement 
during  the  month  of  August,  1883  : 

Inches 


August  3 0.04 

August  13  0.10 

August  20  0.05 

August  23  0-05 


August  28 


HYDROLOGY  OF  NEW  YORK 


403 


Table  No.  81 

DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  :UINUTE  OF  WEST  BIL^NCH 


OF  CANADAWAY  CREEK,  NEAR  FREDONIA. 
[Catchment  area  — 4.3  square  miles.] 


DAY. 

1 

July.  August. 

50 . 5 

September. 

47.0 

45.0 

O 

50.3 

3 

40.2 

4 

45.4 

5 

30.8 

0 

36.0 

7 

30.0 

8 

34.1 

0 34.1  ... 

10 

:13 . 2 

11 

31 . 7 

12 

30 . 2 

13 

. . .30.2 

14 

32.4 

15 27.0 


10 27.0 


17 

^ i » u 

31.7  

18 

50.2 

28.4  

10 

40.3, 

20.3  

20 

45.7 

31.7  

21 

44.0 

33.2  

22 

25.0 

OO  f) 

23  25.0 

24  


25 

22.1  

20 

20.0  

27 

21.3  

28 

105 .1  

20 

122.1 

321 .0  

30 

101.7  

31  

02.4 

00.0  
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Minimum  flow  of  Genesee  river.  The  following  tabulation  gives 
the  mean  monthl}’  flows  of  the  Genesee  river  at  Mount  Morris  and 
Rochester  for  several  low  months  of  the  year  1895,  the  catchment 
area  above  Mount  Morris  being  1070  square  miles  and  that  above 
Rochester,  2365  square  miles: 

Mount  Morris  Rochester 

A A 

f ^ “ A 

Cubic  feet  Cubic  feet  Inches  on  Cubic  feet  Cubic  feet 
per  sec-  per  second  the  catch-  per  sec-  per  second 


^louth  ond  per  square  meut  ond  per  square 

mile  mile 

May 174  0.163  0.19  385  0.380 

June 12S  0.119  0.13  283  0.226 

July 105  0.099  0.11  232  0.165 

August 115  0.108  0.12  254  0.160 

September 100  0.093  0.10  221  O.lOfl 

October 104  0.097  0.11  230  0.093 


Comparing  the  foregoing  figures  for  Mount  Morris  with  those 
for  Rochester  for  the  month  of  October,  1895,  it  is  seen  that  the 
proportion  of  runoff  at  Rochester  was  somewhat  less  for  that 
mouth  than  at  Mount  ^Morris,  although  for  the  previous  months  it 
appears  to  have  been  larger.  The  explanation  of  this  is  that  there 
are  between  Rochester,  Mount  Morris  and  Dansville  extensive^ 
flats  aggregating  from  60  to  80  square  miles.  The  temporary 
ground-water  storage  of  these  flats  acts  to  sustain  a somewhat 
more  equable  flow  at  Rochester  than  at  Mount  Morris,  above  which 
point  there  are  proportionately  smaller  areas  of  flats.  There  are 
nevertheless  some  exceptions  to  this  general  proposition,  as  when, 
in  'a  long-continued  dry  time,  the  flats  become  exhausted  of 
moisture,  and  to  some  extent  act  like  a sponge,  taking  up  water 
from  the  river,  thereby  decreasing,  in  a measure,  the  outflow  at 
Rochester. 

In  the  summer  of  1846  Daniel  Marsh  made  a series  of  measure- 
ments in  order  to  determine  the  low-water  flow  of  that  year.  As 
the  result  of  nine  measurements  made  at  various  times  in  July  and 
August  he  placed  the  minimum  flow  at  Rochester  in  1846  at  412 
cubic  feet  per  second.^ 

At  Middlebury  Academy,  Wyoming  county,  in  the  catchment 
area  of  Oatka  creek,  the  rainfall  for  the  water  year  1845  was,  for 


For  these  low  water  gagings  of  Genesee  river  in  detail,  see  pp.  182-3. 
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tlie  storage  period,  12.59  inches;  growing  jjeriod,  4.82  inches;  re- 
plenishing i)eriod,  S.GO  inches;  total  for  the  year,  2G.01  inches. 
The  record  for  the  year  184G  at  IMiddlebury  is  not  given.  It  is 
clear,  therefore,  so  far  as  we  have  any  definite  meterological 
record,  that  the  measurements  made  by  Mr  Marsh  in  184G  Avere  at 
a time  of  very  Ioav  Avater. 

A number  of  years  ago  gagings  of  the  minimum  Hoav  of  the 
Genesee  were  kept  at  the  raceway  of  the  Genesee  Paper  Company, 
in  the  north  part  of  the  city  of  Rochester,  where  it  is  possible  to 
turn  the  entire  floAv  of  the  riA^er  through  the  raceway.  These 
gagings  shoAved  that  for  several  months  the  minimum  floAV  did  not 
exceed  about  IGO  cubic  feet  per  second,  and  as  this  included  per- 
haps 10  cubic  feet  per  second  flow  of  sewage,  aa^o  may  conclude 
that  the  minimum  floAv  of  this  stream  at  Rochester  is  as  low  as 
150  cubic  feet  per  second  (catchment,  23G5  square  miles),  or  at 
the  rate  of  0.0G4  cubic  foot  per  second  per  square  mile.  These 
measurements  AAere  Aerified  during  the  summer  of  1903,  when  at 
r]lniAvood  avenue  bridge  in  the  south  part  of  the  city  the  flow  Avas 
even  someAvhat  less  than  this,  as  determined  by  current-meter 
measurement. 

These  statements  apparently  indicate  that  the  minimum  sum- 
mer flow  of  the  Genesee  river  has  decreased  from  412  cubic  feet  per 
second  in  184G  to  about  150  cubic  feet  per  second  in  1903.  As  to 
the  reason  for  this  decrease,  it  is  believed  that  the  extensive  de- 
forestation of  the  catchment  area  Avhich  has  taken  place  since 
1846  offers  full  explanation.  In  1846  the  upper  Genesee  catch- 
ment was  still  very  largely  in  forest.  Probably  of  the  entire  area 
above  Rochester  the  virgin  forest  was  from  65  per  cent  to  70  i)er 
cent  of  the  Avhole.  We  have  therefore  apparently  a marked  case 
where  the  deforestation  of  a large  area  has  materially  reduced  the 
minimum  runoff. 

The  foregoing  minimum  flows  of  Genesee  river  show  conclusively 
that  in  its  present  condition  it  is  not  a good  mill  stream.  The 
great  variation  in  runoff  is  conclusive  on  this  point.  The  figures 
show  that  the  runoff  of  the  stream  may  be  exceedingly  slack  for 
several  months  during  the  summer  and  fall. 

Minimum  floio  of  Oatka  creek.  The  catchment  area  of  this 
stream  above  the  point  of  measurement  is  27.5  square  miles.  The 
mean  floAV  for  the  month  of  August,  1891,  was  6 cubic  feet  per 
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second;  for  September,  5.83  cubic  feet  per  second;  for  October,. 
5.8  cubic  feet  per  second.  Expressed  in  cubic  feet  per  second  per 
square  mile,  the  foregoing  results  are  0.218  cubic  foot  for  August, 
0.212  cubic  foot  for  September,  and  0.211  cubic  foot  for  October. 
Expressed  in  inches  on  the  catchment,  the  runoff  of  this  stream 
for  August  to  October,  1891,  Avas  from  0.21  to  0.25  inch  per  months 
For  several  days  during  the  months  of  August  to  October,  1891, 
the  tloAv  of  Oatka  creek  Avas  doAA  n to  about  1.2  cubic  feet  per  sec- 
ond, or  to  about  0.151  cubic  foot  per  second  ])er  square  mile.  On 
September  2G,  1891,  the  recorded  mean  floAv  for  the  day  Avas  3.77 
cubic  feet  per  second,  or  0.137  cubic  foot  per  second  per  squai*e 
mile. 

As  a general  proposition,  statements  of  minimum  AoaA'S  of 
streams  ought  not  to  be  based  on  the  records  of  single  days, 
s])ecially  on  streams  Avhere  there  are  mill  ponds  above  the  point 
of  measurement,  because  such  accidental  circumstances  as  the 
holding  back  of  the  Avater  may  vitiate  the  result;  from  this  point 
of  vieAV  an  average  extending  over  as  long  a })eriod  as  possible 
should  be  taken. 

The  measurements  of  Oatka  creek  from  August  to  October,  1891,. 
illustrate  Avell  the  nearly  universal  tendency  of  streams  to  run 
either  at  apju’oxiinately  a fixed  rate  or  to  decrease  only  very 
sloAvly  after  the  tributary  gi’ound  Avater  lias  become  AA^ell  draAvn 
doAvn.  For  seAcral  days  at  a time  the  records  shoAV  only  slight 
variation. 

MinimuDi  flow  of  Morris  run.  The  result  of  a measurement  of 
Morris  run,  a tributary  of  Oatka  creek,  the  source  of  a ]>art  of  the 
Avater  supply  of  the  village  of  A^’'arsaAV,  Wyoming  county,  made 
from  July  4 to  December  2G,  1894,  is  shoAvn  by  table  No.  82.  The 
measured  catchment  area  is  15G  acres,  but  it  may,  by  reason  of  the 
peculiar  topography  be  someAvhat  greater  than  this.  The  Avaler 
issues  along  the  thread  of  the  short  valley  in  the  form  of  springs^ 
The  measurement  AA^as  made  by  a thin-edged  notched  Aveir  at  a 
jioint  just  beloAV  the  loAvest  spring.  As  may  be  observed,  the  floAv 
varied  greatly  at  different  times,  the  minimum  being  77,G30  gal- 
lons per  dat^  or  7.2  cubic  feet  per  minute,  in  October.  On  July  8 
the  discharge  AA^as  238,580  gallons,  or  22.1  cubic  feet  per  minute 
for  tAvent3"-four  hours.  There  is  a popular  impression  that 
springs  do  not  vary  their  Ooav  at  different  seasons.  The  measure- 
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moiits  of  Morris  rim  are  valuable,  therefore,  as  illustratiug  that 
even  a spring-fed  stream  will  gradually  decrease  during  a dry 
season. 

Table  No.  82 — Daily  Mean  Discharge  in  Cubic  Feet  per  Minute 
OF  Morris  Kun  near  Warsaw,  in  1894. 

[CatcLinent  area  = 0.24  square  mile.] 


DAY. 

1 

July. 

August. 

10.0 

17.3 
16.7 

18.3 

September. 

10.4 

8.3 

8.0 

7.8 

October. 

November. 

10.9 

December. 

2 

3  

4  

...  19.4 

7.8 

8.2 

10.0 

5 

. ..  17.8 

9.4 

0 

. ..  19.5 

10.2 

14.9 

7 

, . . 20.9 

0.7 

8 

oo  ^ 

9 

Q1  O 

10 

...  21.3 

11 

. . . 20.8 

9.4 

21.9 

12 

. . 20.0 

7.8 

13 

..  19.7 

16.2 

14 

. . 20.1 

15 

..  19.7 

8.8 

14.9 

10 

..  19.3 

8.8 

8.2 

17 

..  18.7 

8.2 

7.8 

18 

..  18.3 

19.0 

7.8 

13.4 

19 

..  17.5 

7.2 

8.2 

20 

. . 17.9 

13.0 

21 

21  2 

11.1 

7.2 

8.2 

..  20.6 

8.8 

8.8 

23 

..  20.0 

7.2 

24 

. . 20.4 

8.8 

53.8 

Cl 

00 

13.0 

25 

..  18.7 

20 

..  17.8 

8.8 

8.2 

13.0 

27 

..  17.3 

7.8 

..  17.1 

8.8 

29 

..  17.8 

8.8 

7.2 

30 

..  10.3 

7.2 

31 

..  10.5 

11.7 

19.0 

49S 
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Minimum  flow  of  Hemlock  lake.  According  to  a report  made 
by  Henry  Tracy/  the  minimum  flow  of  Hemlock  lake  is  5 cubic 
feet  per  second  (catchment,  43  square  miles),  or  0.116  cubic  foot 
per  second  per  square  mile. 

Table  No.  49  gives  the  quantity  of  water  passing  out  of  Hem- 
lock lake  for  the  period  covered  and  without  reference  to  the 
natural  flow.  In  order  to  obtain  the  approximate  natural  flow 
for  the  year  we  must  take  into  account  the  mean  elevations  of  lake 
surface.  Thus,  for  the  water  year  1880  the  mean  elevation  of 
the  first  month,  December,  was  — 1.67,  while  for  the  last  month, 
November,  it  was  — 1.24.  The  difference  (0.43  foot)  represents 
the  gain  in  depth  of  storage  for  the  year.  Computing  for  the 
value  of  this  storage  in  inches  on  the  catchment  area,  we  have 
0.28  inch,  which,  added  to  the  quantity  of  water  passing  out  of 
the  lake  (3.07  inches),  gives  as  the  approximate  total  runoff  for 
the  year  3.35  inches.  Since  1880  was  a very  dry  year,  we  may 
compute  the  flow  for  the  entire  water  year  to  be  10.3  cubic  feet 
per  second,  which  again  amounts  to  0.24  cubic  foot  per  second 
per  square  mile. 

For  the  five-year  period  included  in  this  tabulation  the  total 


rainfall  and  runoff  are  as  follows: 

Rainfall, 

Run-off, 

inches 

inches 

1880  

21.99 

3.07 

1881 

24.27 

8.38 

1882  

25.46 

14.51 

1883  

32.24 

9.29 

1884  

26.74 

12,57 

Add  for  rise  in  level 

0.40 

Total  

130.70 

48.22 

For  the  five-year  period  the  total  runofi;  was  therefore  only  36.9 
per  cent  of  the  rainfall.  In  1880  the  runoff  was  only  15.2  per  cent 
of  the  rainfall.  The  corrections  for  rise  in  lake  level  are  included 
in  these  statements. 

Minimum  flow  of  Oswego  river.  Previous  to  1897  there  were 
no  records  of  any  long-continued  measurements  of  the  flow  of 

^Report  on  the  Cost  and  Policy  of  Constructing  Reservoirs  on  Conesus, 
Hemlock,  Honeoye  and  Canadice  lakes.  Senate  document,  No.  40,  1850.- 
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Oswego  river,  of  which  the  catchment  area  at  the  mouth  is  5002 
square  miles.  The  minimum  flow  of  tliis  stream  has  been  the 
subject  of  judicial  inquiry.  In  August,  1875,  in  the  case  of 
Michael  J.  Cummings  against  owners  and  lessees  of  the  water  of 
the  Varick  canal  at  Oswego,  it  was  decreed : 

(1)  That  the  average  flow  of  water  from  the  Oswego  river  into 
the  Varick  canal  in  low  water  in  the  summer  months  is  about 

45.000  to  50,000  cubic  feet  per  minute;  (2)  that  in  extreme  low 
water  in  the  summer,  and  which  usually  occurs  in  the  month  of 
July  or  August,  it  is  about  35,000  cubic  feet  per  minute;  and  (3) 
that  the  average  flow  of  the  whole  three  summer  months  is  about 

75.000  cubic  feet  per  minute. 

Varick  canal  is  entitled  to  receive  one-half  the  total  flow  of  the 
river,  less  the  amount  of  water  required  for  navigation  purposes. 
Hence  the  average  summer  flow,  according  to  the  decree,  is  from 

90.000  to  100,000  cubic  feet  per  minute  (1500  to  1670  cubic  feet 
per  second) . The  extreme  low-water  Aoav  is  placed  at  70,000  cubic 
feet  per  minute  for  the  whole  flow  of  the  river,  or  at  1170  cubic 
feet  per  second,  while  the  average  floAv  of  the  whole  three  summer 
months  is  given  at  about  150,000  cubic  feet  per  minute,  or  2500 
cubic  feet  per  second.  From  the  foregoing  figures  Ave  deduce  an 
extreme  minimum  of  perhaps  0.23  of  a cubic  foot  per  second  per 
square  mile,  Avith  an  average  of  Ioav  Avater  in  the  summer  months 
of  about  0.30  to  0.33  of  a cubic  foot  per  second  per  square  mile. 

The  following  measurements  may,  however,  serA'e  to  show  that 
the  minimum  figures  just  stated  may  be  modified  somewhat. 

Beginning  in  April,  1897,  a record  of  the  flow  of  Oswego  river 
has  been  kept  at  High  dam,  tAvo  miles  above  the  city  of  Oswego. 
This  record  is,  however,  somewhat  uncertain  as  to  the  low  water, 
but  it  is  given  for  what  it  is  worth  in  table  No.  50.  This  record 
does  not  include  diversion  for  the  use  of  the  Oswego  canal. 

For  seven  days  in  September,  1897,  the  Aoav  was  at  the  rate  of 
about  900  cubic  feet  per  second  and  during  the  entire  month  of 
September,  1898,  the  mean  flow  Avas  925  cubic  feet  per  second. 
For  twenty-five  days  in  September,  1898,  the  mean  flow  was  only 
795  cubic  feet  per  second  (catchment,  5000  square  miles),  or  at 
the  rate  of  a little  less  than  0.16  cubic  foot  per  second  per  square 
mile. 
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111  July,  1809,  the  flow  for  the  iiioiith  was  718  cubic  feet  per 
second;  for  August  of  that  year,  it  was  G12  cubic  feet  per  second; 
for  September,  615  cubic  feet  i)er  second,  and  for  October,  585 
cubic  feet  per  second. 

In  August,  1900,  the  mean  flow  was  669  cubic  feet  per  second; 
September,  670  cubic  feet  per  second,  and  in  October,  853  cubic  feet 
per  second. 

It  nia}^  be  again  remarked  that  these  flows  do  not  include  diver- 
sion for  the  Oswego  canal,  which,  however,  probabW  did  not  ex- 
ceed 100  to  150  cubic  feet  ]>er  second. 

The  following  tabulation  gives  the  minimum  flows  of  Oswego 
river  at  Fulton  during  1900,  as  determined  by  a measurement 
through  openings  in  the  sides  of  the  bulkhead,  the  discharge  being 
calculated  by  the  formula  for  orifices,  using  a coefficient  of  0.62. 
These  figures  only  apply  to  the  year  1900,  which,  on  reference  to 
the  rainfall  tables,  is  shoAvn  to  have  been  a wet  year. 


Minimum  Daily  Flow 


Cubic  feet 

Cubic  foot 

per  second 

per  second 
per  square  mile 

October  29 

1,225 

0.25 

October  30 

1,111 

0.23 

October  31  

1,201 

' 0.24 

November  1 

1,132 

0.23 

November  

1 ,760 

0.36 

November  3 

1,540 

0.31 

November  M 

November  5 

1,201 

0.24 

November  6 

1,309 

0.27 

November  7 

1,357 

0.28 

November  8 

1,539 

0.31 

November  9 

1,193 

0.24 

November  10  

1,293 

0.26 

Minimum  flow  of  Seneca  river.  In  July,  1899,  the  mean  dis- 
charge for  the  month,  of  Seneca  river  at  Baldwinsville  was  776 
cubic  feet  per  second ; in  August,  it  was  455  cubic  feet  per  second ; 
in  September,  481  cubic  feet  per  second,  and  in  October,  637  cubic 
feet  per  second. 
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lu  July,  1900,  tlie  mean  flow  was  720  cubic  feet  per  second; 
in  August,  551  cubic  feet  per  second,  and  in  September,  471  cubic 
feet  per  second. 

Since  the  catcliment  area  at  Baldwinsville  is  3103  square  miles, 
the  flow  for  the  entire  month  of  August,  1899,  of  455  cubic  feet 
per  second  was  at  the  rate  of  less  than  0.15  cubic  foot  per  second 
per  square  mile.  For  several  days  in  August  and  September,  1899^ 
the  flow  was  very  much  smaller  than  the  average,  but  it  does  not 
seem  i)roper  to  consider  the  flow  of  single  days  in  estimating  the 
minimum  flow  of  a stream  like  Seneca  river.  The  small  summer 
flows  in  this  stream  are  largely  due  to  heavy  evaporation  from 
the  marsh  areas  above  BaldAvinsville. 

Minimum  floio  of  ivest  Ijrancli  of  Fish  creek.  In  July,  1900, 
the  mean  floAv  of  this  stream  for  the  entire  month  at  McConnells- 
ville  Avas  60  cubic  feet  per  second,  and  in  August* it  Avas  57  cubic 
feet  per  second  (catchment,  187  square  miles),  or  the  flow  for 
these  tAvo  months  was  at  the  rate  of  about  0.3  cubic  foot  per 
second  per  square  mile.  Undoubtedly  the  extreme  minimum  flows 
of  this  stream  are  less  than  0.2  cubic  foot  per  second  per  square 
niile,  since  for  six  days  in  December,  1900,  the  mean  floAV  Avas  only 
36  cubic  feet  j)er  second  or  at  the  rate  of  0.19  cubic  foot  })er  second 
per  square  mile.  It  is  possible  that  the  extreme  minimum  may 
perhaps  be  placed  as  Ioav  as  0.12  cubic  foot  per  second  per  square 
mile  for  a AA^eek  at  a time. 

Minimuui  floio  of  Salmon  river  loest.  The  loAA^est  recorded  floAv^ 
of  this  stream  is  75  cubic  feet  per  second  for  five  days  in  Sep- 
tember, 1900.  Since  the  catchment  area  at  Pulaski,  where  the 
measurements  are  made,  is  204  square  miles,  this  flow  would  be 
at  the  rate  of  0.28  cubic  foot  per  second  per  square  mile.  Prob- 
ably the  extreme  minimum  floAV  of  this  stream  Avill  go  as  low  as 
0.22  cubic  foot  ]km*  second  per  square  mile. 

There  are  a number  of  streams  to  the  north  of  Salmon  river,  be- 
tAveen  there  and  Black  river,  as  for  instance  the  north  branch  of 
Sandy  creek,  of  Avhich  the  minimum  flows  are  exceedingly  small. 
As  oI)served  by  the  Avriter  in  the  fall  of  1898  these  streams  were 
substantially  drA",  the  flow  of  several  of  them  not  exceeding  20 
cubic  feet  per  second.  Their  minimum  flows  are  as  Ioaa^  as  0.05 
cubic  foot  per  second  per  square  mile.  Their  headwaters  lie  in  a 
deforested  country  in  the  horizon  of  the  Hudson  river  shales  and 
Trenton  limestone. 
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Minimum  flow  of  Blade  river.  The  catclmient  area  of  this 
stream  at  Iliintingtonville  dam,  where  the  measurements  are 
made,  is  1889  square  miles.  Previous  to  1897,  aside  from  measure- 
ments made  by  engineers  in  the  employ  of  the  State  at  the  time 
of  construction  of  the  Black  river  canal  and  a few  made  by  Frank 
A.  Hines  in  1875,  there  had  been  no  measurements  taken  of  the 
flow.  In  February,  1897,  the  Board  of  Water  Commissioners  of 
Watertown  began  a record  of  the  daily  flow  of  the  river,  from 
which  the  following  statements  of  minimum  flows  are  taken. 

In  July,  1897,  the  mean  flow  for  the  entire  month  was  940  cubic 
feet  per  second;  for  two.  days  it  was  about  582  cubic  feei  per 
second;  one  day,  630  cubic  feet  per  second,  and  one  Sunday  is 
given  at  480  cubic  feet  per  second.  In  August,  1897,  the  mean 
flow  for  August  G was  782  cubic  feet  per  second;  for  August  7, 
C30  cubic  feet  i)er  second;  August  8 (Sunday),  362  cubic  feet  per 
second;  August  9,  536  cubic  feet  per  second;  August  10,  630 
cubic  feet  per  second ; August  25,  522  cubic  feet  per  second ; 
August  26,  566  cubic  feet  per  second;  August  27,  582  cubic  feet 
per  second,  and  xVugust  28,  322  cubic  feet  per  second. 

In  1898  the  minimum  month  was  July,  in  Avhich  the  mean  flow 
was  1128  cubic  feet  ]>er  second,  although  for  five  days  in  August 
the  flow  was  about  900  cubic  feet  per  second. 

The  mean  flow  for  the  month  of  August,  1899,  was  897  cubic 
feet  per  xsecond  and  for  September,  990  cubic  feet  per  second. 
For  a short  period  in  August  the  floAV  fell  to  about  700  cubic  feet 
per  xSecond,  and  on  one  day  it  was  522  cubic  feet  per  second.  In 
considering  these  statements  of  minimum  flow  in  Black  river,  the 
fact  that  there  is  a leakage  estimated  at  250  cubic  feet  per  second 
should  be  taken  into  account;  520  cubic  feet  per  second,  which 
with  one  exception  is  the  lowest,  is  at  the  rate  of  0.27  cubic  foot 
per  second  per  square  mile.  The  daily  record  of  this  stream 
shows  that  it  is  a good  water  yielder,  as  indeed  might  be  expected. 
There  are  a large  number  of  reservoirs  at  the  headwaters  and  it 
flows  from  an  area  largely  in  primeval  forest.  It  is  doubtful, 
therefore,  if  Black  river  will,  while  present  forestry  conditions 
are  maintained,  go  beloAv  about  0.3  cubic  foot  per  second  per 
square  mile  for  more  than  a few  days  at  a time,  although  it  is 
claimed  to  have  been  less  than  this  for  some  time  in  1849. 

Minimum  floio  of  Osivegatcliie  river.  From  a current  meter 
measurement  of  the  low-water  flow  of  this  stream  made  a few 
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miles  above  Ogdensbiirg  September  25,  1900,  the  discharge  was 
estimated  at  014  cubic  feet  per  second  (catchment,  1535  square 
miles),  or  at  the  rate  of  0.4  cubic  foot  per  second  per  square  mile. 
There  is  not  enough  information  about  this  river  to  determine 
Avhether  or  not  this  is  the  extreme  minimum  flow,  but  taking  into 
account  the  rainfall  of  1900,  it  is  probable  that  the  minimum  flow 
is  somewhat  lower  than  this. 

Minimum  flow  of  Raquettc  river.  Only  two  measurements  of 
the  flow  of  this  stream  have  been  made.  The  first  of  those  was  a 
current  meter  measurement  made  at  Potsdam,  where  the  catch- 
ment area  has  not  been  determined,  by  W.  C.  Johnson,  on 
August  28,  1898,  on  which  day  the  flow  of  the  stream  was  755 
cubic  feet  per  second. 

A current  meter  measurement  was  also  made  near  Masseiia, 
October  2-3,  1900,  showing  the  low-water  flow  of  Raquette  river  to 
be  934  cubic  feet  per  second  (catchment,  about  1200  square  miles), 
or  at  the  rate  of  0.78  cubic  foot  per  second  per  square  mile. 

There  is  very  large  pondage  area  on  the  various  lakes  at  the 
headwaters  of  this  stream,  but  probably  the  low-water  flow  will 
go  lower  than  the  preceding  figures — how  much,  there  is  no  way 
of  stating  at  the  present  time. 

Minimum  flow  of  Hudson  river.  Measurements  of  the  flow  of 
the  Hudson  river  have  been  kept  at  Mechanicville  since  October, 
1887,  the  record  of  which  to  November,  1902,  inclusive,  is  presented 
in  tables  Nos.  00,  61  and  62.  The  natural  flow  of  this  stream  is 
somewhat  obscured  by  a considerable  number  of  lumbermen’s 
reservoirs  on  its  headwaters,  the  total  storage  of  which  aggregates 
4,000,000,000  cubic  feet,  as  well  as  by  tAvo  reservoirs  on  Hoosic 
river  in  Massachusetts.  In  1898-9  Indian  lake  reservoir  was 
constructed  with  a storage  capacity  of  about  5,000,000,000  cubic 
feet.  The  water  stored  in  Indian  lake  is  usually  let  out  in  the 
months  of  August,  September  and  October,  assisting  the  low-water 
flow  materially,  Avhile  the  Avater  from  the  lumbermen’s  dams  is  let 
out  in  the  spring,  and  tends  to  increase  floods  somewhat. 

The  month  of  minimum  runoff  for  the  whole  period  covered  by 
the  measurements  was  August,  1899,  the  mean  for  the  month  being 
1393  cubic  feet  per  second  (catchment,  4500  square  miles),  or  at 
the  rate  of  0.31  cubic  foot  per  second  per  square  mile.  The  flow 
for  one  day  during  this  month  was  993  cubic  feet  per  second,  and 
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for  one  day  979  cubic  feet  per  second.  In  September,  1899,  the 
flow  for  one  day  was  711  cubic  feet  per  second.  For  short  periods 
the  flow  has  been  less  than  for  August,  1899.  Thus,  August  11-19, 
1890,  the  mean  flow  was  1080  cubic  feet  per  second,  and  October 
2-0,  inclusive,  1891,  the  mean  flow  is  also  given  at  1080  cubic  feet 
per  second,  or  at  the  rate  of  0.21  cubic  foot  per  second  per  square 
mile.  Taking  the  diversion  for  the  supply  of  the  Ohamplain  canal 
into  account,  we  have  about  0.29  c-nbie  foot  ]K‘r  second  })er  square 
mile  as  the  actually  observed  flotv. 

The  flgures  show,  however,  that  the  flow  of  0.29  cubic  foot  per 
second  per  square  mile  has  occurred  for  only  two  periods — one 
of  six  days  and  the  other  of  five  days — a total  of  eleven  days  for 
the  whole  period  covered  by  the  measurements.  For  July,  1888, 
ihe  mean  flow, including  the  diversion  which  was  then  occurring  for 
the  sui)})ly  of  Ihe  Champlain  canal,  may  be  taken  at  0.37  cubic  foot 
per  second  per  square  mile.  For  October,  1891,  the  mean  flow 
for  the  whole  month  was  1172  cubic  feet  per  second,  or,  including 
the  diversion  to  the  Champlain  canal,  0.3G  of  a cubic  foot  per 
second  per  square  mile.  In  July,  1890,  the  mean  flow  'for  the 
month  was  1950  cubic  feet  per  second,  and  in  several  other  months, 
as  July,  1893,  July,  1895,  and  September  and  October,  1895,  the 
mean  monthly  flow  varied  from  about  2G00  to  2700  cubic  feet  per 
second.  Hence  we  may  say  that  for  any  business  where  it  is  not 
absolutely  indispensable  to  have  permanent  power,  water  power 
on  Hudson  river  may  be  developed  up  to  the  limit  of  about  0.1 
of  a cubic  foot  per  second  per  square  mile,  with  a prospect  of  not 
being  interrupted  on  account  of  low  water  more  than  a few  days 
in  each  year.  For  electric  power,  however,  or  any  application  of 
water  power  requiring  a permanent  power  every  day  in  the  year, 
the  development  ought  not  to  be  based,  under  present  conditions, 
on  more  than  about  0.24  to  0.25  of  a cubic  foot  per  second  per 
square  mile,  these  latter  figures  relating  specially  to  that  portion 
of  the  river  from  which  water  is  diverted  for  the  supply  of  the 
Champlain  canal.  As  is  shown  in  the  section  on  the  water  power 
of  the  Hudson  river,  nearly  all  of  the  plants  on  that  stream  are 
developed  far  be^mnd  these  figures. 

Above  the  mouth  of  the  Hoosic  and  Battenkill  rivers  somewhat 
different  conditions  obtain  from  those  occurring  at  Mechanic- 
ville.  The  Hoosic  and  Battenkill  rivers  flow  from  eastern  Ver- 
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moiit  and  Massachusetts,  and  frequently  there  are  rainfalls  in  this 
region  when  there  are  none  on  the  Hudson  river  above  Fort 
Edward.  This  fact  renders  it  inipossible  to  predicate  what  will 
happen  on  this  ptirt  of  the  stream  from  the  record  at  Meehan ic- 
ville. 

A record  of  the  flow  of  the  river  has  been  kept  at  Fort  Edward 
from  December,  1895,  to  the  present  time,  which  is  given  to 
Xovember,  1902,  inclusive,  in  table  No.  G3.  In  August,  1899,  the 
mean  flow  for  the  month  at  Fort  Edward  was  714  cubic  feet  per 
second  (catchment,  2800  square  miles),  or  at  the  rate  of  0.26 
cubic  foot  per  second  per  square  mile.  For  fourteen  days  in  Sep- 
tember, 1899,  the  mean  flow  was  at  the  rate  of  661  cubic  feet  per 
second  or  0.24  cubic  foot  per  second  per  square  mile.  Probably, 
in  some  extreme  dry  time,  tlie  How  at  Fort  Edward  Avill  not 
exceed  0.2  cubic  foot  per  second  per  square  mile,  as  the  evidence 
is  clear  that  1899,  while  exceedingly  dry,  was  not  the  minimum 
dry  year.  The  statements  in  regard  to  the  reliability  of  the  gag- 
ings,  made  on  a j>receding  ])age,  may,  however,  be  taken  into 
account  in  considering  the  minimum  flows  at  this  place. 

Minimiini  floiv  of  Croton  river.  The  daily  record  of  this  stream 
is  not  available,  the  flows  being  given  for  an  entire  month.  The 
following  are  the  monthly  means  for  the  lowest  flows: 

In  August,  1869,  the  flow  for  the  entire  month  was  90  cubic  feet 
per  second;  in  iSeptember  of  that  year,  it  was  54  cubic  feet  per 
second.  The  mean  flow,  therefore,  for  two  months  was  72  cubic 
feet  per  second  (catchment,  339  square  miles),  or  at  the  rate  of 
0.21  cubic  foot  per  second  per  square  mile. 

In  September,  1870,  the  mean  flow  was  97  cubic  feet  per  second 
and  in  October,  111  cubic  feet  per  second. 

The  folloAving  are  the  floAvs  for  the  groAving  period  of  1877 : 


Cubic  feet 
per  second 

June  T...  159 

July  130 

August  127 


Mean 


138 


The  floAV  for  September,  1877,  was  93  cubic  feet  per  second. 
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111  the  water  year,  1880,  the  flow  for  the  growing-  and  replenish- 
ing periods  was  as  follows  : 

Cubic  feet 
per  second 


June 138 

July  138 

August  132 

September  132 

October 130 

November 152 


Mean  137 


The  flow  for  the  following  montli  of  December  was  138  cubic 
feet  per  second.  The  entire  flow  for  the  Avater  year  1880  was  365 
cubic  feet  per  second. 

In  the  year  1881  the  mean  flow  for  the  replenishing  period  Avas 
129  cubic  feet  per  second. 

In  the  year  1883  the  mean  floAv  for  the  entire  year  was  363 
cubic  feet  per  second.  Attention  may  be  directed  to  the  fact 
that  the  flow  of  the  storage  period  Avill  chiefly  determine 
Avhether  the  mean  floAv  for  the  whole  year  is  large  or  small.  Thus, 
in  1880,  the  mean  floAV  for  the  storage  period  was  592  cubic  feet 
per  second  and  in  1883,  572  cubic  feet  per  second.  The  maximum 
floAv  of  the  storage  period  from  1868-1899,  inclusive,  occurred  in 
1888  and  was  1137  cubic  feet  per  second.  In  1888  the  mean  flow 
for  the  entire  A^ear  Avas  838  cubic  feet  per  second,  which  is  the 
maximum  mean  yearly  floAv  for  the  entire  period  covered  by  the 
gagings. 

The  lowest  mean  monthly  floAv  for  the  entire  period  was  in  Sep- 
tember, 1869,  and  was  54  cubic  feet  per  second,  or  at  the  rate  of 
0.16  cubic  foot  per  second  per  square  mile.  Probably  the  flow  of 
the  Croton  ri\^r  for  scA^eral  days  during  these  periods  did  not 
exceed  0.1  cubic  foot  per  second  per  square  mile. 

According  to  J.  J.  R.  Croes,  the  minimum  floAV  of  the  west 
I)ranch  of  the  Croton  riA^er,  with  a catchment  area  of  20.4  square 
miles,  is  0.02  cubic  foot  per  second  per  square  mile. 

Minimum  floiv  of  Fislildll  creek.  The  loAA^est  floAV  of  this  stream 
thus  far  observed  was  on  August  26,  1902,  and  was  at  the  rate  of 
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0.24  cubic  foot  per  second  per  square  mile.  There  seems  little 
reason  to  doubt  but  that  this  stream  will  go  as  low  as  from  0.10 
to  0.15  cubic  foot  per  second  per  square  mile. 

A measurement  of  Clove  creek,  the  largest  tributary  of  Fishkill 
creek,  was  made  September  24,  1902,  when  the  discharge  was  3.5 
cubic  feet  per  second  (catchment,  20  square  miles),  or  at  the  rate 
of  0.18  cubic  foot  per  second  per  square  mile. 

Minimum  fiow  (jf  Rondoiit  crcelc.  The  low-water  flow  of  this 
stream  is  estimated  at  from  0.05  to  0.1  cubic  foot  per  second  per 
square  mile. 

Minimum  floiv  of  Wallkill  river.  The  lowest  floAv  thus  far  ob- 
served on  this  stream  at  New  Paltz  is  124  cubic  feet  per  second 
(catchment,  736  square  miles),  or  at  the  rate  of  0.17  cubic  foot  per 
second  per  square  mile.  This  flow  is  from  a single  current  meter 
measurement  on  July  17,  1902.  The  minimum  flow  of  this  stream 
will  go  as  low  as  from  0.05  to  0.1  cubic  foot  per  second  per  square 
mile. 

Minimum  floiv  of  Esopus  creek.  The  flow  of  this  stream  at 
Kingston  on  August  5,  1901,  was  40  cubic  feet  per  second  (catch- 
ment, 312  square  miles),  or  at  the  rate  of  0.13  cubic  foot  per  sec- 
ond per  square  mile.  This  stream  will  at  times  go  as  low  as  0.05 
cubic  foot  per  second  per  square  mile.  In  June,  1899,  the  mean 
flow  for  the  entire  month  was  only  0.24  cubic  foot  per  second  per 
square  mile. 

Minimum  flow  of  Catskill  creek.  The  available  data  show  that 
this  stream  ^^'il]  in  dry  time  run  down  to  0.05  cubic  foot  per  second 
per  square  mile. 

Minimum  flow  of  the  Normansk ill.  The  lowest  recorded  flow  of 
this  stream  occurred  in  September,  1891,  and  was  4.6  cubic  feet 
per  second  (catchment.  111  square  miles),  or  at  the  rate  of  0.04 
cubic  foot  per  second  per  square  mile.  The  mean  flow  for  the 
entire  month  of  September,  1891,  was  8.9  cubic  feet  per  second, 
or  at  the  rate  of  0.07  cubic  foot  per  second  per  square  mile.  In 
October,  1891,  the  lowest  flow  was  4.9  cubic  feet  per  second;  in 
August,  it  was  5.9  cubic  feet  per  second,  and  in  November  of  the 
same  year,  it  was  6.9  cubic  feet  per  second.  These  figures  sIioav  at 
once  that  this  stream  is  a poor  water  yielder,  and  that  probably 
the  extreme  minimum  flow  for  several  days  will  not  exceed  0.02  to 
0.03  cubic  foot  per  second  per  square  mile. 
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.Minimum  fow  of  Kindcrliook  crock.  The  mean  Hoav  of  this 
stream  at  East  :N'assan  for  NoA^ember,  1892,  Av^as  30  cubic  feet  per 
second  (catchment,  120  square  miles),  or  at  the  rate  of  0.25  cubic 
foot  per  second  per  square  mile. 

In  1891  the  minimum  floAV  at  Wilson’s  dam  Avas  1 cubic  feet  per 
second  (catchment,  08  square  miles),  or  at  the  rate  of  0.06  cubic 
foot  i3er  second  per  square  mile.  The  minimum  floAV  for  August, 
1894,  at  the  same  place  Avas  5.2  cubic  feet  per  second,  or  at  the 
rate  of  0.08  cubic  foot  per  second  per  square  mile. 

Minimum  flow  of  Schroon  river.  Gagings  of  this  stream  are 
kept  at  Warrensburg,  but  the  natural  Uoav  is  considerably  ob- 
scured by  the  storage  of  Scliroon  lake,  Avhicli  is  controlled  by  the 
Starbuckville  dam.  During  the  month  of  August,  1899',  the  mean 
floAA'  at  Warrensburg  Avas  taken  at  150  cubic  feet  per  second 
(catchment,  563  square  miles),  or  at  the  rate  of  0.27  cubic  foot  per 
second  per  square  mile,  but  this  is  not  very  precise. 

Minimum  flow  of  Mohcnck  river.  For  four  days  in  September, 
1900,  the  floAYof  the  Mohawk  riA^er  at  Dunsbach  Ferry  was  373  cubic 
feet  ])er  second  (catchment,  3440  square  miles),  or  at  the  rate  of 
0.11  cubic  foot  per  second  per  square  mile.  Trobably  the  extreme 
minimum  Avould  not  exceed  0.07  or  0.08  cubic  foot  per  second  per 
scpiare  mile.  In  October,  1900,  the  tloAv  at  the  same  place  Avas  373 
cubic  feet  per  second  for  tAVO  days;  457  cubic  feet  per  second  for 
three  days ; G25  cubic  feet  per  second  for  seven  days,  and  541  cubic 
feet  per  second  for  one  day. 

The  minimum  floAv  of  the  Mohawk  river  as  measured  at  Rexford 
Flats  during  September,  1899,  Avas  228  cubic  feet  per  second 
(catchment,  3385  square  miles),  or  0.06  cubic  foot  per  second  per 
square  mile  for  fifteen  days,  folloAved  by  a floAV  of  278  cubic  feet 
per  second  for  ten  days.  The  mean  floAV  for  the  entire  month  of 
August,  1899,  Avas  294  cubic  feet  per  second,  or  at  the  rate  of  0.09 
cubic  foot  per  second  per  square  mile,  Avhile  for  the  last  three 
days  of  the  month  it  Avas  only  208  cubic  feet  per  second.  These 
figures  include  the  amount  of  Avater  diA^erted  to  supply  Erie  canal, 
or  they  are  the  total  fioAV  of  MohaAvk  riA^er  at  the  point  of  gaging. 

The  minimum  fioAA"  of  ]\Iohawk  river  at  Schenectady  as  meas- 
ured in  September,  1899,  Avas  420  cubic  feet  per  second  (catch- 
ment, 3321  square  miles),  or  at  the  rate  of  0.13  cubic  foot  per 
second  per  square  mile,  for  tAveh^e  days.  The  entire  flow  of  the 
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stream  is  included  in  this  measurement.  The  flow  for  the  month 
of  August,  1899,  was  at  the  mean  rate  of  524  cubic  feet  per  second. 
In  September,  1900,  the  mean  flow  for  the  entire  month  was  609 
cubic  feet  per  second. 

The  mean  flow  at  Little  Falls  for  the  month  of  August,  1899, 
was  223  cubic  feet  per  second,  but  this  does  not  include  diversion 
to  the  Erie  canal,  which  may  amount  to  about  150  cubic  feet  per 
second,  or  to  a total  flow  of  about  375  cubic  feet  per  second 
(catchment,  1306  square  miles),  which  is  at  the  rate  of  about  0.28 
cubic  foot  per  second  per  square  mile.  In  comparison  with  the 
flow  for  the  month  of  August,  1899,  at  Rexford  Flats,  these  figures 
show  that  the  upper  Mohawk  river  is  relatively  a better  water 
yielder  than  the  lower — the  low  flows  from  Schoharie  creek  and 
contiguous  catchment  areas,  probably  making  the  difference.  The 
loAvest  water  observed  since  gagings  have  been  kept  at  Little  Falls 
was  in  August,  1899,  when  the  mean  flow  for  nine  days  was  but 
120  cubic  feet  per  second,  or  O.OT  cubic  foot  per  second  per  square 
mile.  This,  however,  does  not  represent  the  total  flow  of  the 
stream,  as  nearly  the  entire  river  was  being  taken  for  the  supply 
of  Erie  canal. 

In  September,  1901,  the  minimum  flov'  of  Mohawk  river  at 
Utica  for  two  days  was  70  cubic  feet  per  second  (catchment,  500 
square  miles),  or  at  the  rate  of  0.14  cubic  foot  per  second  per 
square  mile.  These  figures  are  somewhat  indefinite. 

The  minimum  flow  of  Mohawk  river  at  Ridge  Mills  for  Septem- 
ber, 1899,  was  at  the  mean  rate  of  81  cubic  feet  per  second  for 
twenty -two  days ; for  three  days,  the  mean  floAv  Avas  56  cubic  feet 
per  second,  and  for  two  days,  53  cubic  feet  per  second  (catchment, 
153  square  miles),  or  at  the  rate  of  0.34  cubic  foot  per  second 
per  square  mile. 

Minimum  flow  of  Cayadiitia  creeJc.  In  August,  1899,  the  mean 
floAA'  of  this  stream  at  JohnstoAvn  for  the  entire  month  aa^s  18 
cubic  feet  per  second ; in  September,  20  cubic  feet  per  second,  and 
in  October,  21  cubic  feet  per  second.  For  seA^eral  days  during 
these  months  it  was  from  14  to  16  cubic  feet  per  second.  In  July, 
1900,  the  mean  flow  Avas  17  cubic  feet  per  second,  and  for  seA^eral 
days  it  Avas  from  12  to  14  cubic  feet  per  second,  which,  for  a catch- 
ment area  of  40  square  miles,  is  at  the  rate  of  about  0.3  to  0.35 
cubic  foot  per  second  per  square  mile. 
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Minimum  flow  of  Schoharie  creel'.  The  mean  flow  of  this 
stream  at  Fort  Hunter  for  the  montli  of  August,  1899,  was  142 
cubic  feet  per  second  (catchment,  947  square  miles) , or  at  the  rate 
of  0.15  cubic  foot  per  second  per  square  mile.  In  July,  1900,  the 
mean  flow  was  115  cubic  feet  per  second,  or  at  the  rate  of  0.12 
cubic  foot  per  second  per  square  mile.  For  three  days  during  this 
month  the  flow  was  70  cubic  feet  per  second  and  for  one  day  72 
cubic  feet  per  second. 

Gagings  of  Schoharie  creek  were  also  made  at  Schoharie  falls 
over  a sharp-crested  weir,  25  feet  in  length,  during  a portion  of 
1900  and  1901.  According  to  these  gagings  the  mean  flow  of  the 
stream  for  August,  1900,  was  89  cubic  feet  per  second ; for  Sep- 
tember, 32  cubic  feet  per  second,  and  for  October,  40  cubic  feet 
per  second.  In  February,  1901,  the  flow  was  IGG  cubic  feet  per 
second.  Tlie  catchment  area  at  this  ])oint  is  930  square  miles. 
Hence,  32  cubic  feet  ])er  second  was  at  the  rate  of  0.04  cubic  foot 
per  second  per  square  mile. 

In  May,  1900,  the  writer  re])orted  at  length  relative  to  the  low- 
water  flow  of  Schoharie  creek.  At  that  time,  the  Empire  State 
Power  Company  was  contemplating  extensive  developments  on 
this  creek  and  had  procured  reports  from  several  engineers.  These 
reports  agreed  that  the  minimnm  flow  of  this  stream  would  not 
be  less  than  about  400  cubic  feet  per  second.  In  regard  to  this 
matter,  it  was  stated  that  the  minimum  flow  of  Schoharie  creek 
had  been  taken  too  high,  as  might  be  sufficiently  apj)reciated  by 
considering  the  figures  derived  from  all  the  rivers  of  the  State 
which  had  then  been  studied.  Figures  were  given  for  Oatka  creek, 
Genesee  river.  Hemlock  lake,  west  branch  of  Canadaway  creek. 
OsAvego  river.  Black  river,  MohaAvk  river,  Hudson  riA-er,  Croton 
river  and  Xiagara  river,  and  the  conclusion  Avas  arriA’ed  at  from 
such  comparison,  based  on  general  considerations  ])urely,  that  the 
floAV  of  Schoharie  creek  might  go  doAvn  to  as  Ioav  as  0.2  cubic  foot 
]Aer  second  per  square  mile,  or  to  about  190  cubic  feet  per  second. 
The  folloAving  was  the  conclusion  of  this  part  of  the  report: 

If,  therefore,  Ave  Avere  to  accept  the  idea  that  there  is  at  least 
0.4  cubic  foot  per  second  per  square  mile  minimum  flow  in  Scho- 
harie creek,  AA^e  should  liaA’e  about  the  best  floAviug  stream  in  the 
State — better  eA^en  than  the  Hudson  and  MohaAAflv.  A stream, 
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too,  without  any  lake  pondage,  with  steep  sharp  slopes,  and  with 
everything  against  high  flows.  Obviously,  then,  the  conclusion 
that  Schoharie  creek  floAvs  as  high  as  0.4  cubic  foot  per  second  per 
square  mile  is  absurd.  At  present  the  writer  does  not  feel  justi- 
fied in  assigning  to  it,  on  the  evidence,  more  than  from  0.2  to  0.25 
cubic  foot  per  second  per  square  mile.  Such  flows,  however,  prob- 
ably do  not  continue  very  long,  because  the  stream  responds 
quickly  to  relatively  small  rains,  which  is  certainly  an  advantage, 
the  more  especially  because  the  rainfall  is  possibly  slightly  greater 
in  the  elevated  highlands  from  which  this  stream  issues  than  it  is 
in  less  elevated  regions. 

It  was  also  stated : 

In  the  absence  of  gagings  of  Schoharie  creek  the  determination 
of  the  minimum  flow  is  a matter  of  judgment,  but  taking  into  ac- 
count all  the  evidence,  the  writer  believes  he  has  given  Schoharie 
creek  a liberal  place. 

Since  that  time  definite  gagings  have  been  kept,  showing  that 
the  loAV -water  floAv  of  this  stream  is  loAA^er  even  than  estimated 
from  general  considerations  in  1900;  it  is,  in  fact,  shoAvn  to  be  an 
exceedingly  poor  Avater  yielder,  and  it  is  clear  that  the  writer’s 
report  of  1900  did  not  place  the  Ioav  Avater  floAA^  as  low  as  it 
really  is. 

Minimum  floio  of  East  Canada  creeJc.  The  mean  loAV-water  floAV 
of  this  stream  at  Dolgeville  for  September,  1899,  was  92  cubic  feet 
per  second.  For  eleA^en  days  it  was  67  cubic  feet  per  second 
(catchment,  256  square  miles),  or  at  the  rate  of  0.26  cubic  foot  per 
second  per  square  mile.  For  August,  1899,  the  mean  flow  for  the 
month  Avas  97  cubic  feet  per  second.  For  September,  1900,  it  was 
133  cubic  feet  per  second. 

Minimum  floio  of  West  Canada  creeJc.  The  mean  fioAV  of  this 
stream  at  Middleville  for  September,  1899,  Avas  221  cubic  feet  per 
second  (catchment,  518  square  miles),  or  at  the  rate  of  0.42  cubic 
foot  per  second  per  square  mile.  For  seA^eral  days  the  floAV  was 
only  145  cubic  feet  per  second,  and  for  eleven  days,  September 
2-12,  inclusive,  the  mean  floAv  was  183  cubic  feet  per  second,  or  at 
the  rate  of  0.35  cubic  foot  per  second  per  square  mile.  In  the  pre- 
ceding month  of  August  the  mean  flow  for  the  month  Avas  235  cubic 
feet  per  second.  These  figures  show  the  superiority  of  both  East 
and  West  Canada  creeks  oA^er  Schoharie  creek  as  water  yielders. 
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Minimum  flow  of  iSauquoit  creek.  The  mean  flow  of  this  stream 
at  New  York  Mills  for  September,  1899,  was  14  cubic  feet  per  sec- 
ond (catchment,  52  square  miles),  or  at  the  rate  of  0.27  cubic  foot 
per  second  per  square  mile;  for  August,  1899,  it  was  16  cubic  feet 
per  second,  and  for  October,  1899,  17  cubic  feet  per  second.  For 
September,  1900,  the  mean  flow  was  15  cubic  feet  per  second. 

Mi}iimu}n  fioic  of  Oiiskani/  creek.  The  low-water  flow  of  this 
stream  is  likely  to  occur  during  the  months  when  canal  navigation 
is  closed,  at  Avhich  time  the  water  flowing  is  only  the  natural  con- 
tribution from  the  catchment  area.  For  ten  days  in  December, 
1899,  the  mean  flow  at  Oriskany  was  53.5  cubic  feet  per  second 
(catchment,  144  square  miles),  or  at  the  rate  of  0.37  cubic  foot  per 
second  per  square  mile.  For  four  days  during  this  month  the 
mean  flow  was  31  cubic  feet  per  second,  or  at  the  rate  of  0.22  cubic 
foot  per  second  per  square  mile. 

Minimiun  pow  of  Allegheny  river  and  trihutaries.  So  far  as 
known,  minimum  flows  have  not  thus  far  been  determined  for  the 
Allegheny  river  and  its  tributaries.  They  are,  however,  small 
and  may  be  ])laced  at  0.05  to  0.1  cubic  foot  i)er  second  per 
square  mile. 

Minimum  pow  of  Susquehanna  river  and  trihutaries.  So  far  as 
known,  minimum  flows  have  not  thus  far  been  determined  for 
Susquehanna  river  and  tributaries.  They  are,  however,  small 
and  may  be  placed  at  0.05  to  0.1  cubic  foot  per  second  per 
square  mile. 

Minimum  pow  of  Delaicare  river  and  trihutaries.  So  far  as 
known,  minimum  flows  have  not  thus  far  been  determined  for 
Delaware  river  and  tributaries.  They  are,  however,  small  and 
may  be  placed  at  0.05  to  0.1  cubic  foot  per  second  per  square  mile. 

The  preceding  discussion  of  minimum  flow  is  of  considerable 
value  in  that  it  includes  comparison  of  a number  of  New  York 
streams  for  the  year  1899^  which,  as  shown  by  the  rainfall  statis- 
tics, was  rather  a dry  year,  although  there  is  no  reason  for  sup- 
posing it  was  the  minimum  dry  year. 

Summary  of  information  regarding  minimum  poios.  'Summar- 
izing the  present  knowledge  of  minimum  flow  of  streams  in  New 
York  State,  we  may  say  that  in  western  New  York  for  streams 
like  Genesee  river  issuing  from  regions  of  heavy,  compact  soil. 
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mostly  deforested,  the  iiiiiiimmii  flows  will  run  as  low  as  from  0.05 
to  0.1  cubic  foot  per  second  per  square  mile.  In  extreme  cases 
they  may  be  even  less  than  this.  In  the  chapter  on  the  classifica- 
tion of  streams  we  have  shoAvn  that  Croton  river  properly  classi- 
fies Avith  the  Cenesee.  It  is  also  shoAvn  that  this  stream  has 
loAv  minimum  flows.  Spring-fed  streams  in  Avestern  NeAV  York 
and  those  Avith  considerable  lake  surface  pondage  may  be  expected 
to  have  someAvhat  greater  minimum  flows  than  the  preceding. 

In  the  central  part  of  the  State  streams  floAving  from  the  south 
side  of  the  Mohawk  north  into  that  stream  have  generally  Ioav 
minimum  flows ; they  do  mot  differ  greatly  from  the  Genesee  river 
and  tributaries.  To  the  north  of  the  MohaAvk  river  the  conditions 
are  different  and  the  floAv  of  the  streams  is  larger. 

The  Mohawk  river  and  upper  Hudson  may  be  placed,  Avhile  their 
present  condition  of  forestation  is  maintained,  at  a minimum  of 
about  0.2  to  0.25  cubic  foot  per  second  per  square  mile.  Eeser- 
voirs  on  the  Hoosic  river  in  Massachusetts  tend  to  increase  the 
minimum  floAV  of  the  Hudson  at  Mechanicville  somewhat. 

Streams  issuing  from  the  Catskill  mountains,  Avhere  conditions 
similar  to  those  on  the  Genesee  river  obtain,  have  minimum  flows 
of  from  0.05  to  0.1  cubic  foot  per  second  per  square  mile.^ 

The  streams  of  Long  Island,  issuing  from  sand  plains,  Avill  give 
larger  yields,  the  available  measurements  showing  minimum  run- 
offs as  high  as  0.5  cubic  foot  per  second  per  square  mile,  but 
Avhether  these  runoffs  Avould  be  maintained  in  a minimum  dry 
year  is  uncertain;  at  present,  it  appears  somewhat  improbable. 
]\IoreoA^er,  it  is  proper  to  say  that  these  measurements  were  made 
about  fifty  years  ago  and  there  is  some  doubt  whether  they  are 
entirely  reliable;  probably  an  extended  series  Avould  shoAV"  per- 
haps 0.85  cubic  foot  per  second  per  square  mile  as  the  minimum. 

The  streams  of  the  northern  part  of  the  State,  issuing  from 
denser  forests  and  with  large  lake  storage,  may  be  expected  to 
give  minimum  yields  somewhat  in  excess  of  0.3  cubic  foot  per 
second  per  square  mile,  although  until  definite  measurements  are 
made  this  must  be  considered  an  inference  merely. 

^Streams  issuing  from  the  Catskill  region  have  not  been  gaged  long  enough 
to  entirely  settle  the  question  of  minimum  floAvs,  The  difference  in  forest- 
ation may  be  taken  into  account  in  estimating  these  floAvs. 
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Xotliiiig  is  known  as  to  the  niinimnm  yields  of  si  reams  trihii- 
laiy  ti>  ilie  Allegheny,  Snsqnehanna  and  DelaAvare  rivers,  aside 
from  the  measurements  of  Eaton  and  Madison  brooks  made  in 
1,835.  So  far  as  can  be  learned,  aside  from  those  recently 
inangnrated  by  the  United  States  Geological  Survey,  no  nuiasiire- 
menls  of  any  other  of  these  streams  have  been  made.  It  is  prob- 
able that  they  will  mostly  be  found  substantially  the  same  as 
Genesee  river  and  streams  issuing  from  the  Gatskill  region. 

(Juantify  of  water  n'hivh  may  be  stored  on  the  several  plateaus. 
The  foregoing  treats  of  the  yield  of  streams  in  a general  way, 
but  the  practical  summation  of  the  preceding  discussion  is  as 
to  the  quantity  of  water  that  can  be  safely  stored  on  different 
catchment  areas  of  New  York  in  the  year  of  minimum  runoff. 
The  tables  of  precipitation  on  the  several  plateaus  show  that  the 
([uanlity  v hich  can  be  stored  varies  in  different  parts  of  the  State 
and  in  some  degree  in  ])ro])or1ion  to  the  rainfall.  It  is  also  shown 
that  when  the  rainfall  is  above  a certain  minimum  amount,  the 
excess  quantity  of  runoff  is  roughly  in  ])roj)ortion  to  the  rainfall. 
In  order  to  emj)hasize  the  preceding  projmsitions,  we  have  the 
following  as  the  mean  rainfalls  of  the  ten  plateaus  into  which  the 
area  of  New  York  is  divided  for  the  twelve  water  years  1891-1902, 
inclusive,  together  with  the  low  rainfalls  of  1895  and  1899. 


Moan  of 
12  years, 
inches 

1895, 

inches 

1899, 

inches 

Western  ])lateau 

37.03 

29.70 

27.05 

Eastern  plateau 

10.30 

32.87 

35.20 

Northern  plateau 

• 

14.03 

30.07 

35.79 

Atlantic  coast ' 

10.71 

10.77 

11.54 

Hudson  vallev 

12.59 

35.74 

37.98 

Mohawk  valley 

42.13 

31.30 

35.31 

Champlain  valley 

37.06 

32.95 

33.85 

St  Lawrence  valley 

. 30.18 

33.75 

28.51 

Great  Lakes 

. 35.65 

29.13 

28.67 

Central  Lakes 

. 34.40 

27.31 

27.83 

The  difference  in  the  average  precipitation  of  the  Atlantic 
coast  and  the  Central  Lakes  regions  is  12.25  inches.  We  may 
expect,  therefore,  about  10  to  11  inches  more  average  runoff  in. 
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the  Atlantic  coast  region  than  in  the  region  of  the  Central 
Lakes. 

The  preceding  mean  rainfalls  are  for  a period  of  12  years  only, 
which  is  not  long  enough  for  perfectly  safe  averages.  Moreover, 
while  these  12  years  have  included  the  minimums  of  1895  and 
1899,  these  minimums  were  not  as  well  defined  on  some  of  the 
plateaus  as  on  others. 

Since  the  precipitation  of  the  storage  period  largely  determines 
the  runoff  of  that  period,  let  us  for  a moment  consider  the  relation 
between  precipitation  in  the  storage  period  of  the  Atlantic  coast 
and  Central  Lakes  regions.  The  minimum  precipitation  in  the 
storage  period  of  the  Atlantic  coast  region  for  the  12-year  period 
included  in  the  tables  'was  for  the  year  1896,  and  amounted  to 
19.70  inches.  The  minimum  precipitation  of  the  Central  Lakes 
region  for  the  same  period  was  in  1895  and  amounted  to  11.26 
inches,  a difference  of  8.44  inches  in  the  storage  period  alone. 

The  yearly  minimum  precipitation  of  the  Atlantic  coast  region 
for  the  period  considered  was  in  1895  and  amounted  to  40.77 
inches.  The  j^early  miinimum  precipitation  of  the  Central  Lakes 
region  was  also  in  1895  and  amounted  to  27.31  inches,  a difference 
of  13.46  inches.  The  proposition  that  there  was  over  10  inches 
more  runoff  in  the  Atlantic  coast  region  in  1895  than  in  the 
Central  Lakes  region  is  therefore  abundantly  established.  In  the 
same  way  a comparison  of  the  balance  of  the  regions  will  show 
in  a general  way  the  runoff  that  may  be  expected  in  any  given  year. 

Taking  into  account  in  a broad  way  these  several  precipitation 
areas,  we  may  say  that  in  the  minimum  year  the  following  quan- 
tities of  water  can  be  stored,  the  statement  being  made  without 
reference  to  the  economic  conditions  involved  in  considering  the 
area  of  catchment,  topography,  cost,  etc.  The  statement  also 
involves  conclusions  based  on  consideration  of  all  the  circum- 
stances, which  are  much  too  extensive  to  again  give  in  detail  but 
which  are  given  in  different  parts  of  this  report  • 

1)  On  the  western  plateau,  from  6 to  7 inches  may  be  stored  in 
the  minimum  year. 

2)  On  the  eastern  plateau,  7 to  10  inches. 

3)  On  the  northern  plateau,  10  to  12  inches. 

4)  In  the  Atlantic  coast  region,  13  to  15  inches.  | 
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5)'  In  the  Hudson  valley,  10  to  11  inches. 

G)  In  the  Mohawk  valley,  10  to  11  inches. 

7)  In  the  Champlain  valley,  7 to  8 inches. 

8)  In  the  St  Lawrence  valley,  5 to  6 inches. 

9)  In  the  Great  Lakes  region,  5 to  6 inches. 

10)  In  the  Central  Lakes  region,  I to  5 inches. 

11)  And  finally,  for  paHicular  localities,  not  more  than  2 to  4 
inches  can  be  stored. 

In  the  Atlantic  coast  region,  by  storage  is  meant  the  total  quan- 
tity of  water  which  may  be  practically  utilized,  either  from  sur- 
face flows  or  underflows. 

Moreover,  the  foregoing  statements  are  made  for  a single  year 
and  without  reference  to  the  water  yield  that  may  be  supplied  by 
considering  a period  of  three  years.  Usually,  taking  into 
account  a 3-year  low- water  period,  more  storage  can  be  provided 
than  when  only  a single  year  is  considered,  and  the  question  as 
to  just  what  the  water  stored  is  to  be  used  for  will  largely  deter- 
mine which  period  to  take.  If  for  water  power,  where  exceedingly 
large  quantities  of  water  are  required,  it  is  not  generally  desirable 
to  take  more  than  the  single  dry  year,  while  for  water  supplies  a 
period  of  three  dry  years  may  be  taken. 

Many  persons  consider  that  11  inches  of  water  collected  in  a 
dry  year  is  a conservative  assumption,  but  the  preceding  dis- 
cussion will  serve  to  show  that  anybody  assuming  such  quantity 
in  the  State  of  New  York  would,  in  some  parts,  be  wide  of  the 
mark. 

STATE  OWNERSHIP  OF  PUBUIC  UTILITIES 

AVhen  a country  becomes  thickly  poi)ulated  there  are  some 
things  which  can  be  better  done  by  the  State  than  by  either  an 
individual  or  by  a single  community.  We  will  briefly  discuss  a 
case  of  this  character  here. 

^^tate  water  supply.  New  York  State  is  specially  suited  for  a 
State  water  sup})ly  because,  due  to  fortuitous  conditions,  it  is 
possible  to  deliver  water  by  gravity  without  excessively  long  con- 
duits, to  nearly  every  city  and  town  in  the  State.  Such  supplies 
would  answer  the  requirements  of  purity  and  would  settle  the 
question  of  water  supplies  in  this  State  for  all  time  to  come.  The 
Avriter  therefore  considers  that  there  should  be  a State  commis- 
sion specially  autliorized  to  define  tlie  limits  of  these  reservations 
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and  that  forestation  should  be  carried  on  witliin  llie  limits  fixed 
by  such  a commission. 

Examining  the  hypsometric  map  accompanying  this  report,  we 
observe  that  there  are  six  high  points  which  may  be  denominated 
water  centers,  which  are  referred  to  on  page  40. 

The  largest  and  most  important  of  these  is  the  elevated  region 
known  as  the  Adirondack  mountains,  or  for  present  purposes,  the 
Adirondack  center,  the  highest  peaks  of  which  rise  to  an  altitude 
of  over  5000  feet,  and  there  are  about  4000  square  miles  at  an  ele- 
vation of  2000  feet  and  over.  This  region  has  a population  of 
from  8 to  10  to  the  square  mile.  The  population  of  the  balance  of 
the  water  centers  is  somewhat  greater  than  this,  but  in  none  of 
them  is  it  beyond  the  limit  of  a pure  water  supply,  with  pro]»er 
precaution.  The  principal  lakes  lie  at  an  elevation  of  from  1500 
to  2000  feet.^ 

The  second,  or  Catskill  center,  includes  the  Catskill  mountains 
in  the  southeastern  part  of  the  State,  where  the  highest  points 
rise  to  an  altitude  of  over  4000  feet  and  there  is  an  area  of  about 
1000  square  miles  at  an  elevation  of  2000  feet  and  over. 

The  third,  which  may  be  called  the  Allegheny  center,  is  the  ele- 
vated region  in  the  southwestern  part  of  the  State  in  Cattaraugus, 
Allegany  and  Steuben  counties,  where  the  highest  points  are  at  an 
elevation  of  over  2000  feet  and  there  is  an  area  of  from  500  to  800 
square  miles  at  an  elevation  of  over  1500  feet. 

The  fourth,  or  Rensselaer  center,  lies  east  of  Troy,  Albany  and 
Poughkeepsie,  and  its  highest  altitudes  are  over  2000  feet,  while 
there  are  from  1000  to  1200  square  miles  at  an  elevation  of  over 
600  feet.  Since  the  distance  from  the  Hudson  river  is  short,  this 
elevation  is  enough  to  supply  the  cities  and  towns  naturally 
tributary. 

The  fifth,  or  Chenango  center,  is  west  of  the  Catskill  mountains, 
with  an  extreme  elevation  of  over  1800  feet,  and  there  are  from 
1200  to  2000  square  miles  at  an  elevation  exceeding  1200  feet. 

The  sixth,  or  Lowville  center,  is  to  the  north  of  Oneida  lake, 
Avith  an  extreme  elevation  of  from  1800  to  2000  feet,  and  there  are 
from  400  to  600  square  miles  at  an  elevation  of  over  1200  feet.  The 
issuing  streams  are  lower  than  the  foregoing,  but  still  high  enough 
to  insure  gravity  supplies. 


^For  elevation  of  lakes  of  Adirondack  region,  see  pages  221  and  241. 
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The  preceding  statements  of  area  above  certain  elevations  are 
rather  general — time  has  not  been  taken  for  detailed  estimates. 
There  are,  hoAvever,  from  8000  to  10,000  square  miles  available. 
From  all  these  centers,  uncontaminated  streams  of  great  natural 
purity  issue.  There  are  also  several  minor  points  throughout  the 
State  for  which  the  same  statement  is  true. 

The  Adirondack  water  center  is  separated  from  the  Catskill  by 
the  valle}"  of  the  Mohawk  river,  Avliich  receives  drainage  from 
both — the  East  and  West  Canada  creeks  and  other  tributaries  of 
the  Mohawk  on  the  north  side  of  the  valley  rising  in  the  Adiron- 
dack center,  while  the  Schoharie  creek  on  the  south  side  is  an 
important  tributary  from  the  Catskill  center. 

In  addition  to  the  Mohawk  river,  other  important  streams  of 
the 'State  issuing  from  the  Adirondack  center  are  the  Black,  Oswe- 
gatchie,  Grasse,  Baquette,  St  Regis,  Chateaugay,  Great  Chazy, 
Saranac,  Ausable,  Bouquet  and  Hudson  rivers. 

From  Catskill  center,  in  addition  to  Schoharie  creek,  we  find 
issuing  the  lieadAvaters  of  the  Susquehanna,  DelaAvare  and  Wall- 
kill  rivers  and  Esopus  creek. 

The  Allegheny  center  supplies  the  headwaters  of  Cattaraugus 
creek,  Genesee,  Chemung,  Canisteo,  Tioga,  Avest  branch  of  the  Sus- 
quehanna and  Allegheny  rivers. 

From  Rensselaer  center  issue  Hoosic  river,  Kinderhook  creek, 
Clav^erack  creek,  the  Jansen  kill  and  Croton  river. 

From  Chenango  center  issue  the  Chenango  and  Tioughnioga 
riA^ers  and  Oriskany,  Oneida  and  other  small  creeks,  flowing  north. 

From  Lowville  center  Salmon  ri\"er  issues,  together  with  Sandy 
creek.  Fish  creek  and  other  small  streams. 

Generally  speaking  the  main  riA^er  valleys  of  New  York  are  at 
comparatively  low  elevations,  as  may  be  sufficiently  appreciated 
by  considering  the  elevation  of  a few  of  the  principal  streams. 
The  main  Black  riA^er  valley  is  less  than  800  feet  above  tide  water; 
Oswego  river,  with  its  principal  tributaries,  the  Oneida  and 
Seneca,  is  less  than  500  feet ; main  Mohawk  river  is  less  than  500 
feet;  Genesee  river,  betAA^een  Rochester,  Mount  Morris  and  Hans- 
ville,  is  about  500  to  GOO  feet;  main  Hudson  river,  below  Glens 
Falls,  is  less  than  200  feet;  main  Susquehanna  river  is  less  than 
1,000  feet,  as  is  also  the  main  Delaware;  main  Allegheny  rlA^er  in 
the  State  of  Ncav  York  is  about  1,000  feet;  Lake  Erie  is  573  feet; 
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Lake  Ontario  247  feet;  and  the  St  Lawrence  river,  from  247  to 
about  100  feet  above  tide  water.  The  cities  and  towns  are  mostly 
situated  in  these  iseveral  valleys  along  the  streams. 

The  quantity  of  pure  upland  water  that  can  be  furnished  from 
the  six  water  centers  is  sufficient  for  45,000,000  to  50,000,000 
people,  as  may  be  shown  by  considering  that  the  available  areas 
are  more  than  9000  square  miles  in  extent.  If  we  assume  an 
average  collection  of  only  400,000  gallons  per  day  from  9000 
square  miles  and  an  average  daily  use  throughout  the  State  of  100 
gallons  per  capita,  we  have  water  enough  for  36,000,000  people, 
and  which  could  easily  be  increased  by  additional  storage  to  a 
supply  sufficient  for  45,000,000  to  50,000,000  people. 

On  the  accompanying  map,  the  reserved  elevated  areas  are  con- 
siderably in  excess  of  9000  square  miles,  but  this  is  merely  to 
insure  that  no  town  or  group  of  towns  be  required  to  go  further 
than  necessary  for  an  upland  water  supply.  These  areas  can 
be  reduced  when  definite  information  is  at  hand  as  to  just  where 
the  supply  for  each  town  or  group  of  towns  can  be  obtained. 

In  order  to  emphasize  the  proposition  that  the  main  river  val- 
leys of  the  State  should  be  kept  clear  for  manufacturing,  they 
are  generally  excepted  from  the  pure  water  reservations,  shown 
on  the  accompanying  map.  This  map  is  subject  to  modification 
in  this  particular  on  detailed  study. 

The  Adirondack  center  is  a rugged  region,  consisting  of  primeval 
crj^stalline  rocks,  covered  locally  with  sand  areas.  Here  appeared 
some  of  the  first  dry  land  on  the  western  continent,  and  thus 
was  laid,  in  early  geologic  time,  the  basis  of  those  fine  river  sys- 
tems which,  issuing  from  this  water  center,  have  created  water 
resources  of  vast  value  to  the  citizens  of  New  York.  From  this 
center  water  may  be  supplied  to  Plattsburg,  Malone,  Canton,  Pots- 
dam, Ogdensburg,  Utica,  Herkimer,  Johnstown,  Saratoga  Springs, 
Schenectady,  Lake  George,  Albany,  Troy  and  many  other  large 
towns  of  the  region,  all  within  practical  distance  of  the  purest 
water,  fiowing  from'  granitic  catchmients.  This  region  is  also 
extensive  enough  to  furnish  abundant  supplies  to  the  cities  of  the 
Hudson  valley,  including  the  City  of  New  l^ork. 

The  geologic  history  of  Catskill  and  Allegheny  water  centers  is 
quite  different  from  that  of  the  Adirondack  center.  In  both  these 
r(‘gions  the  sedimentary  sandstone  rocks  of  the  Chemung  and  Cats- 
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kill  groups  have  attaiued  their  greatest  development.  In  the 
Catskill  mountains  these  rocks  are  still  practically  horizontal,  as 
originally  deposited,  and  in  places  several  thousand  feet  in  thick- 
ness. Limestones  and  other  hard  rocks,  underlaid  by  shales  and 
soft  formations,  are  found  beneath  the  sandstones  in  a lower 
stratigraphic  horizon. 

From  Catskill  and  Rensselaer  water  centers,  water  may  be  taken 
to  Albany,  Troy,  Hudson,  Catskill,  Kingston,  Schenectady,  New- 
burg,  Goshen,  Monticello,  Delhi,  Cooperstown  and  other  large 
towns  of  the  surrounding  region.  The  City  of  New  York  is  now 
rhiefly  supplied  from  Croton  river,  which  issues  from  the  south 
end  of  the  Rensselaer  center. 

From  Chenango  center,  water  may  be  taken  to  Norwich,  Cort- 
land, Binghamton,  Oswego,  Syracuse,  Utica,  Auburn,  Waterloo, 
Geneva  and  other  places  nearby. 

From  Lowville  center,  Lowville,  AYatertown,  Carthage  and 
Oswego  may  be  reached. 

From  Allegheny  center,  Buffalo,  Lockj)ort,  Albion,  Batavia, 
AA'arsaw,  Rochester,  Geneseo.  Angelica,  Badi,  Corning,  Elmira, 
Canandaigua  and  Lyons  may  be  reached. 

In  view  of  the  vast  increase  of  ])0]>ulation  in  New  York  State 
for  the  past  one  hundred  years  the  writer  considers  that  the  time 
lias  arrived  when  the  State  should  make  i)rovision  for  retaining 
i\  portion  of  the  headwaters  of  the  streams  issuing  from  these 
several  elevated  regions  as  a future  Avater  supply  for  the  inhab- 
itants. 

The  population  of  New  York  in  1800  Avas  589,051.  In  1900 — 
one  hundred  years  later — it  Avas  7,268,894.  In  the  year  2000 — 
another  one  hundred  years^ — it  is  perhaps  difficult  to  predict  what 
it  will  be,  but  if  with  the  data  from  1790  to  1900,  inclusive,  we 
plot  a population  curA^e,  a reasonable  estimate  of  the  population 
in  the  year  2000  is  found  to  be  20,000,000 — it  may  be  one  or  tAA^o 
million  more  than  this,  or  one  or  two  mJillion  less,  but  for  a 
])eriod  nearly  one  hundred  years  in  advance,  20,000,000  is  a con- 
servative estimate. 

Of  the  present  population  of  7,268,894,  in  1900  6,206,657  Avere 
on  an  area  of  approximately  23,440  square  miles,  or  a trifle  less 
than  one-half  the  land  area  of  the  State,  which  is,  according  to 
the  twelfth  census,  47,620  square  miles.  HoAAwer,  this  statement 
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does  not  quite  represent  the  conditions  in  New  York  State  as 
regards  the  relation  between  population  and  area.  If  we  con- 
sider that  there  are  thirty-seven  cities  included  in  the  preceding 
area  of  2S,440  square  miles,  in  which  there  is  a population  of 
4,302,000  on  about  1000  square  miles,  or  at  the  average  rate  of 
something  like  4300  per  square  mile,  we  learn  that  on  the  23,440 
square  miles  the  purely  rural  population  may  be  taken  in  1900  at 

1.904.000,  which  rural  population  is  again  situated  on  about 
22,400  square  miles,  or  at  the  average  rate  of  about  84  per  square 
mile. 

The  foregoing  review  of  the  statistics  of  population  in  New 
York  indicates  the  present  tendency  to  concentrate  in  cities.  Un- 
doubtedly, such  tendency  will  be  considerably  accentuated  in  the 
future.  The  clear  tend  of  perhaps  one-half  of  New  York  State 
to  become  a great  manufacturing  district  will  lead  to  this  result. 

In  the  year  2000  it  is  probable  that  a relatively  larger  propor- 
tion of  the  population  will  be  located  in  the  river  valleys  than 
at  present.  Time  will  not  be  taken  to  discuss  the  conditions  in 
each  valley,  but  the  Mohawk  valley  will  be  briefly  referred  to  as 
illustrating  conditions  in  several  of  the  more  important  river 
valleys. 

The  catchment  area  of  Mohawk  river  is  3468  square  miles  and 
the  population  of  nineteen  principal  towns  situated  therein  was 
in  1900,  215,539.  These  towns  are  all  large  enough  to  have  sewer- 
age works  at  the  present  time.  They  are  manufacturing  towns 
and  are  growing  rapidly.  If  they  were  to  increase  in  the  same 
proportion  as  the  whole  State,  the  population  in  the  year  2000 
would  be  something  like  600,000,  but  undoubtedly  they  will  in- 
crease much  more  rapidly  than  the  whole  State  and  we  will  not 
be  far  from  right  if  we  take  the  population  in  the  year  2000  at 

1.000. 000.  Moreover,  this  urban  population  will  not  be  scattered 
over  the  Avhole  3468  scpiare  miles,  but  will  be  concentrated  on 
perhaps  1200  s(piai-e  miles.  The  average  population  will,  there- 
fore, be,  aside  from  the  denser  population  of  the  cities,  over  800 
per  square  mile.  Approximately  the  same  average  conditions  will 
obtain  on  about  20,000  square  miles  of  the  State. 

With  an  average  population  of  over  800  per  square  mile  on 
20',000  square  miles,  the  20,000  square  miles  will  have  become 
urban  and  sub-urban  area,  with  water  sup  pi}"  and  sewerage  in 
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eveiw  street,  and  a vastly  important  question  is  raised  not  only 
as  to  the  source  of  the  water  supply,  but  as  to  the  sewage  dis- 
posal. 

With  an  ample  upland  water  supply  for  the  entire  State 
assured,  we  may  consider  a little  further  the  most  practicable 
form  of  sewage  disposal  to  be  applied  in  New  York.  The  ma- 
jority of  the  streams  are  already  so  far  contaminated  as  to  make 
their  use  for  water  supplies  undesirable,  the  more  especially  as 
it  is  entirely  practicable  to  obtain  uncontaminated  upland 
sources  of  water  supply  without  prohibitive  expense.  In  many 
cases,  several  towns  will  join  together  for  the  construction  of  a 
conduit  and  in  order  to  harmonize  the  various  interests,  a State 
commission  should  take  charge  of  the  construction. 

The  writer  fancies  that  in  many  cases  purification  of  sewage  by 
dilution  will  be  sufficiently  effective  even  when  the  population 
of  the  State  shall  have  reached  20,000,000,  and  in  other  cases,  some 
different  form  of  purification  may  be  used.  For  satisfactory 
results  by  dilution,  there  should  be  in  the  stream  about  4 cubic 
feet  per  second  for  every  1000  of  the  population.  For  Mohawk 
river,  when  the  population  of  the  valley  reaches  1,000,000,  this 
would  mean  a flow  in  the  stream  of  4000  cubic  feet  per  second. 

The  minimum  flow  at  the  present  time  is  for  short  periods 
occasionally  as  Ioav  as  0.1  cubic  foot  per  second  per  square  mile, 
although  such  flows  continue  for  only  a few  days  and  would 
hardly  apply  in  discussing  sewage  disposal.^  For  present  pur- 
poses, we  may  take  the  low  water  flow  at  from  0.25  to  0.3  cubic 
foot  per  second  per  square  mile,  or  at  about  1000  cubic  feet  per 
second  for  the  flow  of  Mohawk  river  at  its  mouth.  The  balance 
of  the  4000  cubic  feet  jjer  second  must  be  furnished  by  storage, 
which  will  again  provide  the  water  power  for  driving  a consider- 
able proportion  of  the  manufacturing  establishments  of  the  valley. 
3000  cubic  feet  per  second  furnished  from'  storage  is  as  much  as 
can  be  practically  developed.  Hence,  when  the  population  of 
Mohawk  valley  reaches  about  1,000,000  some  other  plan  must  be 
adopted,  but  up  to  that  point,  the  writer  considers  that  the  pref- 
erable plan  is  to  go  to  the  neighboring  highlands  for  uncontam- 

1 For  minimum  flows  of  Mohawk  river  in  detail,  see  tables  on  pages  406-10, 
together  with  statements  on  pages  508-9. 
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mated  water  supplies,  discontinuing  the  use  of  Hudson  and 
Mohawk  rivers  therefor,  and  reserving  them  instead  for  sewage 
disposal.  This  proposition  is  equally  true  as  regards  the  other 
principal  rivers  of  the  State. 

The  foregoing  indicates  that  pure  water  supply  and  sewage  dis- 
posal must  go  together — that  they  are  of  equal  importance  and 
neither  can  be  neglected.  To  accomplish  these  objects,  a per- 
manent State  water  supply  and  sewage  disposal  commission 
should  be  created  at  some  time  in  the  future.  This  commission 
would  work  substantially  on  the  lines  laid  down  by  the  several 
English  commissions,  who  have  considered  questions  of  water 
supply  and  sewage  disposal  for  the  last  40  to  50  years.^ 

Before  the  work  of  such  a commission  can  be  effective,  it  is 
necessary  that  a new  topographical  map  of  the  State  be  made 
at  a scale  not  smaller  than  ts.oo-o-  The  work  of  the  English  com- 
missions has  been  specially  effective  because  of  having  the  Ordi- 
nance Map  of  Great  Britain  at  a considerably  larger  scale  than 
rr,o 0 0 • The  area  included  in  the  several  water  centers  should  be 
undertaken  first  and  Avill  occuy  from  10  to  15  years.  After  this 
map  is  well  advanced,  such  a commission  could  be  properly 
appointed. 

In  reference  to  the  present  topographical  map  of  the  State,  it  is 
at  too  small  a scale  ( 6T;io o ) to  be  of  nse  other  than  as  a general 
guide.  The  definition  of  the  several  water  areas  will  require  more 
precision  than  is  possible  on  a map  of  the  scale  of  the  present 
topographical  map. 

The  writer  will  indicate  some  of  the  duties  which  may  be  likely 
to  fall  upon  such  a commission  as  is  here  suggested,  drawing  some- 
what upon  an  act  proposed  a few  years  ago  in  New  Jersey,  largely 
the  work  of  the  late  Lebbeus  B.  Ward,  of  Jersey  City. 

In  the  first  place,  with  the  topographical  map  at  a scale  of 
rs’oo’o  in  hand,  the  commissioners  would  precisely  define  the  area 

^ Some  of  these  commissions  are.  (1),  Sewage  of  Towns  Commission, 
1858-65;  (2)  First  Rivers’  Pollution  Commission,  1868;  (3)  Second  Rivers’ 
Pollution  Commission,  1870-74;  (4)  Royal  Sanitary  Commission,  1871;  (5) 
Royal  Commission  on  Metropolitan  Sewage  Discharge,  1884-85;  (6)  Royal 
Commission  on  Metropolitan  Water  Supply,  1893;  (7)  Royal  Commission 
on  Metropolitan  Water  Supply  within  the  limits  of  the  Metropolitan  Water 
Companies,  1898-99;  (8)  Royal  Commission  on  Sewage  Disposal,  1898- 
dat’e. 
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from  which  a given  water  supply  was  to  be  drawn,  such  a defini- 
tion to  be  made  with  due  reference  to  the  several  interests,  what- 
ever they  may  be.  Especially,  in  making  their  determinations, 
the  interests  of  manufacturing  by  water  power  should  be  duly 
conserved. 

After  these  preliminaries  had  been  attended  to,  the  commission 
should  investigate  the  possible  sources  of  the  supply  of  water  as 
they  now  exist,  and  should  tabulate  and  report  in  detail  upon 
each  supply.  There  are  a number  of  places  where  the  water  sup- 
ply is  not  only  ample,  but  of  which  the  purity  cannot  be  imx)roved, 
but  due  consideration  should  be  had  as  to  the  sufficiency  of  the 
])resent  supply  for  future  growth.  The  possibility  of  sewage'  in 
the  future  going  into  any  present  water  supply  should  be  taken 
into  account. 

These  commissioners  would  be  empowered  to  construct  and 
maintain  works  to  suj)ply,  from  the  sj)ecially  reserved  State  catch- 
ments, any  city  or  town  in  the  State  Avhich  would  comply  with 
certain  conditions.  It  would  be  made  the  duty  of  such  a com- 
mission to  defend  the  rights  of  the  State,  as  regarded  the  use  of 
reserved  waters,  and  as  to  the  policing  and  other  lawful  control 
of  the  same.  Where  necessary,  pro])er  sewage  disposal  works 
would  be  included,  although  generally,  with  the  rivers  left  free 
to  take  sewage,  this  would  be  unnecessary — at  any  rate,  for  the 
}>resent. 

Any  town  or  grouj)  of  towns  wishing  to  receive  a water  supply 
from  a State  catchment  would  be  authorized  to  make  application 
to  the  State  board  therefor,  and  thereupon  the  commissioners 
should  consider  such  application,  make  examination,  and  submit 
plans  and  estimates,  together  with  recommendations  as  to  the 
best  source  and  method  of  furnishing  a supply,  either  singly  or 
jointly  with  other  municipalities,  as  in  the  judgment  of  the  board 
was  most  expedient.  Preferably,  such  recommendations  would  be 
made  with  reference  to  the  supply  of  each  municipality  being  an 
integral  part  of  a comprehensive  system  of  State  water  supply. 

The  plan  proposed  could  be  submitted  to  a vote  of  the  electors 
of  the  town'  or  towns  lat  such  time  and  place  las  might  be  decided 
upon.  If  resulting  favorably,  the  commission  would  proceed  to 
construct  the  works  and  furnish  the  municipalities  so  accepting 
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the  })laiis  and  provisions  of  the  act,  with  a ])ermanent  water  su])- 
pl}^  from  the  iState  catchment.  The  amount  to  be  paid  per  unit  of 
Avater  for  such  supply  should  be  included  in  the  report. 

No  street  distribution  mains,  or  other  apparatus  constituting 
or  directly  pertaindug  to  the  internal  distribution  system  of  any 
municipality  should  be  constructed  by  the  State,  but  main  con- 
duits only,  terminating  at  the  boundaries  of  towns.  The  main 
supplj^  system  would  be  under  the  control  of  the  State  water  sup- 
ply and  seAvage  disposal  board. 

In  case  the  electors  of  any  municipality  should  decline  to  ac- 
cept the  plan  proposed  at  the  election,  the  municipality  should 
be  at  liberty  to  renew  its  application  at  any  time  after  a year, 
requesting  the  State  board  to  present  a different  or  modified 
plan,  but  it  should  be  optional  with  the  board  whether  to  present 
such  modified  plan  or  present  the  one  previously  proposed. 

The  State  hoard  should  be  empowered  to  issue  bonds  Avhich 
may  be  denominated  water  and  scAAmge  disposal  reA^enue  bonds. 
The  bod}"  of  the  'bond  should  contain  a declaration  that  the 
security  therefor  was  the  annual  payment  collectable  from  the 
municipality,  together  Avith  the  stipulation  that  a sinking  fund  of 
one  per  cent  per  annum  should  be  invested  and  held  in  trust  for 
the  final  redemj>tion  of  the  bonds.  The  bonds  could  haA^e  fifty 
years  to  run  and  should  not  bear  more  than  31/2  per  cent  interest. 
The  annual  payments  of  the  several  municipalities,  to  meet  the 
interest  on  the  bonds  and  jjrovide  the  sinking  fund,  should  be 
assessed  by  the  State  Avater  supply  and  seAvage  disposal  board 
each  year  in  proportion  to  the  quantity  of  Avater  used  by  each 
municipality  and  the  special  expenditure  incurred  on  account  of 
such  municipality.  The  moneys  collected  would  be  returned  to 
the  State  Treasurer  and  by  him  deposited  in  the  treasury  as  a 
pledge  for  the  security  of  the  bonds.  Provision  should  also 
be  included  for  the  collection  in  case  of  a default  by  any 
municipality. 

The  act  should  provide  for  furnishing  Avater  to  private  com- 
panies which  already  hold  franchises  for  supplying  any  city  or 
town,  but  it  should  not  be  furnished  to  any  such  priA’ate  company 
' at  a less  price  than  to  a public  water  supply.  The  tendency  of 
such  an  act  would  be  to  uniformity  in  price  of  water  to  all  mu- 
nicipalities accepting  its  provisions. 
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lu  order  that  such  a board  might  properly  transact  its  business^ 
provision  should  be  included  for  the  Comptroller  to  make  ad- 
vances out  of  any  money  in  the  treasury  not  otherwise  appro- 
priated, the  total  amount  of  such  advancement  to  be  limited  to  a 
certain  sum,  which  should  be  repaid  to  the  State  treasury  when 
properly  assessed  and  collected  from  the  municipalities.  In  this 
way,  and  also  by  virtue  of  the  preceding  suggestion  as  to  bonds, 
the  State  may  temporarily  loan  its  credit  to  any  municipality 
requiring  an  upland  water  supply,  but  the  cost  of  such  must  in 
the  end  be  returned  to  the  Stale. 

Finally,  it  is  suggested  that  a commission  of  three  is  amply 
large,  two  of  whom  could  be  appointed  by  the  Governor,  and  the 
third — who  should  be  an  hydraulic  engineer — ^be  elected  by  the 
two.  These  commissioners  should  devote  their  whole  time  to  the 
work.i 


THE  DEVELOPMENT  OF  AVATER  POWER  IN  NEW  YORIC 

Power  employed  in  manufacturing.  The  Twelfth  Census  Report 
gives  the  steam  power  employed  in  manufacturing  in  1900  in 
the  State  of  New  York  as  677,219  horsepower,  while  the  water 
power  employed  in  manufacturing  was  368,456  horsepower; 
ill  1890,  the  steam  power  aggregated  537,447  horsepower; 
and  the  water  power  233,795  horsepower;  in  1880,  the  steam 
power  amounted  to  234,795  horsepower  and  the  water  power  to 
219,348  horsepower;  in  1870,  steam  power  was  126,107  horse- 
power and  water  power,  208,256  horsepower.  These  statistics 
show  that  in  1880  the  two  kinds  of  power  Avere  substantially 
equal — steam  poAA^er  exceeded  water  poAver  by  only  15,4'47  horse- 
power; in  1870,  water  poAver  exceeded  steam  power  by  82,149 
horsepower. 

According  to  the  statement^  of  Dr  Cliias.  E.  Eineiy,  the  yearly 
cost  of  steam  poAver,  Avith  coal  at  |3  per  ton,  will,  for  365  days 
of  20  hours  each  A^ary,  depending  upon  the  kind  of  engine  used, 
from  $76.54  to  $48.79.  At  the  present  time,  with  everything 

^Partly  abstracted  from  paper,  State  Water  Supply  in  New  York,  in 
Proc.  Ninth  An.  Convention  of  Am.  Soc.  of  Municipal  Improvements, 
held  at  Rochester,  ctober  7-9,  1902. 

-Cost  of  Steam  PoAver,  by  Chas.  E.  Emery,  Ph.  D.,  in  Trans.  Am.  Inst. 
Elec.  Engrs.,  IMarch,  1893. 
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somewhat  more  expensive  than  when  this  table  was  made,  these 
figures  may  be  taken  at  |85  and  |53,  although  such  costs  imply 
small  developments  in  units  of  not  exceeding  about  500  horse- 
power. In  large  units  of  from  3000  to  5000  horsepower, 
steam  power  may  be  developed  considerably  cheaper  than  this. 
Nevertheless  it  is  still  true  that  steam  power  will  cost  more  than 
water  power.  We  may  profitably  inquire  then  why,  with  so  much 
undeveloped  water  power  in  the  State,  the  more  expensive  steam 
power  has  developed  to  a greater  extent  relatively  than  water 
power. 

Steam  poioer.  Let  us  consider  the  following  tabulation  of  steam 
power  in  the  census  years  from  1900-1870,  inclusive,  in  the  States 
of  Connecticut,  Massachusetts,  Rhode  Island  and  New  York : 


1900 

No.  of  H.  P. 

1890 

No.  of  H.  P. 

1880 

No.  of  H.  P. 

1870 

No.  of  H.  P. 

Connecticut  . . . . 

178,708 

98,038 

57,027 

25,979 

Massachusetts  . . 

579,110 

355,226 

171,397 

78,502 

Rhode  Island. . . , 

115,876 

85,327 

41,335 

23,546 

New  York 

677,219 

537,447 

234,795 

126,107 

Water  imiver. 

The  following  tabulation  shows  the  development 

of  water  power  in  the  census  years  1900-1870,  inclusive. 

in  the  four 

States : 

1900 

No.  of  II.  r. 

1890 

No.  of  H.  P. 

1880 

No.  of  H.  P. 

1870 

No.  of  H.  P. 

Connecticut  . . . 

71,414 

64,655 

61,205 

54,395 

Massachusetts  . 

187,848 

159,787 

138,362 

105,854 

Rhode  Island.. . , 

29,035 

27,258 

22,240 

18,481 

New  York 

368,456 

233,795 

219,348 

208,256 

Percentage  increase  of  steam 

power.  The  following  tabula- 

tion  shows  the.  percentage  of  increase  of  steam  power  in  the  four 

States  for  the  same  period : 

1890-1900 
per  cent 

1880-1890 
per  cent 

1870-1880 
per  cent 

Connecticut  . . . , 

82.3 

71.9 

119.5 

Massachusetts  . 

63 

107.3 

118.3 

Rhode  Island. . . , 

35.8 

106.4 

75.6 

New  York 

26 

128.9 

86.1 
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Percentage  increase  of  water  power.  Tlie  following  tabulation 
shows  the  percentage  of  increase  of  water  power : 

1890-1900  1880-1890  1870-1880 

per  cent  per  cent  per  cent 


Connecticut  10.5  5.G  12.5 

Massachusetts 17.6  15.5  30.7 

Rhode  Island 6.5  22.6  20.3 

New  York 57.6  6.6  5.3 


The  foregoing  tabulations  show  that  in  all  the  States  enumerated 
there  has  been  great  development  of  steam  power  in  the  last  thirty 
years,  but  that  in  Connecticut,  Massachusetts  and  Rhode  Island 
there  has  been  relatively  less  develo})meiit  of  water  power  than 
of  steam  power.  In  New  York  State  the  development  of  water 
power  in  the  last  ten  years  is  relatively  double  the  development 
of  steam  power. 

In  considering  statistics,  it  is  iinpoiTant  to  draw  the  right  con- 
clusions— an  error  perpetuated,  may  falsify  history  and  lead  to 
the  adoption  of  erroneous  policies.  Let  ns  examine,  tlierefore,  as 
to  the  real  significance  of  these  statistics.  In  the  first  place,  they 
indicate  that  twenty  to  thirty  years  ago,  in  Connecticut,  Massa- 
chusetts and  Rhode  Island,  the  most  of  the  available  water  poAver 
had  been  developed,  but  that  manufacturing  as  a whole  had  not 
by  any  means  reached  a maximum.  When  Ave  consider  the  his- 
tory of  these  States  Ave  find  that  every  stream  has  a reservoir  upon 
it  and  that  the  water  power  has  been  developed  to  its  full  capacity. 
The  deA^elopments  in  these  States  in  the  last  ten  to  twenty  years 
haA^e  mostly  been  those  that  were  not  developed  earlier  because 
of  greater  cost.  Probably  some  developments  Avere  overlooked, 
but  still  the  general  proposition  is  true,  that  in  any  manufacturing 
communit}^  expensiA^e  deA^elopments  will  not  be  entered  upon  until 
after  the  cheaper  ones  are  fully  utilized. 

Comparison  of  the  development  of  water  power  in  New  York 
with  the  development  in  New  England.  Tt  has  been  the  custom  to 
consider  NeAV  York  State  as  first  in  rank  of  population,  manufac- 
tures, development  of  Avater  poAver,  etc.  The  Avriter,  however,  con- 
siders that  Connecticut,  Massachusetts  and  Rhode  Island  all  out- 
rank New  York  State  in  these  ])ai-ticulars.  Tt  ought  to  be  AA^ell 
understood  that  a comparison  Avithout  regard  to  area  is  not  legiti- 
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mate — that  the  only  way  in  which  tliese  states  can  be  coinj)are(l 
with  New  York  is  on  equivalent  areas.  If,  in  conipai-ing  the 
States  of  Connecticut,  Massachusetts  and  Rhode  Island  with  New 
York  on  this  basis,  we  find  that  the  aggregate  wealth  per  unit  of 
area  is  greater,  Ave  may  be  A^ery  sure  not  only  that  there  is  a good 
reason  for  it,  but,  as  Avill  be  shoAvn  further  on,  that  the  real 
reason  is  largely  due  to  mistaken  vIcaa  s in  New  York  as  to  the 
State's  attitude  towards  the  deA^eloping  of  manufacturing.  The 
main  reasons  Avhy  the  development  of  water  power  versus  steam 
power  has  been  so  different  in  the  leading  New  England  States 
from  AAdiat  it  has  been  in  NeAV  York  are  as  folloAvs : 

Water  power  reservoirs  €10  England.  In  the  New  England 
States,  as  well  as  in  most  of  the  southern  and  in  several 
Avestern  States,  there  are  a series  of  statutory  enactments  Avhich 
are  designed  to  encourage  the  erection  of  mills.  Under  their  pro- 
visions parties  desiring  to  floAV  the  lands  of  others  for  the  pur- 
pose of  creating  Avater  poAA-er  to  propel  mills  may  do  so  under 
condemnation  proceedings  analogous  to  those  for  acquiring  lands 
and  property  for  canals,  raihvays  and  other  imblic  purposes.  This 
peculiar  extension  of  the  principle  of  eminent  domain  has  groAvn 
out  of  the  original  conditions  of  interdependence  of  the  early 
colonists  to  Avhom  mills  for  grinding  grain  AAere  among  the  neces- 
sities of  life.  The  first  mill  acts  originated  in  Massachusetts  and 
Virginia,  from  aa  hence  they  have  been  adopted  into  the  statutes 
of  many  of  the  other  States. 

In  order  to  sIioaa’  what  may  be  accomplished  in  a coni])aratively 
small  State  by  properly  encouraging  manufacturing,  Ave  will  refer 
to  conditions  as  existing  in  the  State  of  Massachusetts.  This 
State  has  ahvays  been  mindful  of  the  interest  of  manufacturing, 
and  accordingly  at  the  beginning  of  the  eighteenth  century  a mill 
act  A\ms  enacted,  and  Avhile  the  original  act  Avas  merely  intended 
to  encourage  the  erection  of  grain  and  flour  mills,  it  has  been 
gradually  extended  to  include  all  kinds  of  manufacturing  operated 
by  water  poAver  on  the  ground  that  the  Commonwealth  was  di- 
rectly concerned  in  the  deA^elopment  of  all  such.  The  Avriter  has 
no  intention  of  discussing  the  mill  acts  of  Massachusetts  in  detail, 
and  wishes  merely  to  point  out  that  such  acts  haA^e  also  been 
enacted  in  Maine,  Wisconsin,  Rhode  Island,  NeAV  Hampshire,  Con- 
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necticut,  Vermont,  Pennsylvania,  Virginia,  West  Virginia,  Ken- 
tucky, Mississippi,  Alabama,  Missouri,  Indiana,  Iowa,  Illinois, 
Michigan,  Nebraska,  Minnesota,  Kansas,  North  Carolina,  Ten- 
nessee, Georgia,  Delaware,  Arkansas,  Florida  and  Oregon,  or  in 
twenty-eight  States  in  all.  In  New  York  State  we  have  been  so 
wedded  to  the  single  idea  of  canals  that  we  have  never  enacted  a 
mill  act.  That  this  failure  has  been  to  the  material  disadvantage 
of  the  State  may  be  easily  shown. 

Special  mill  acts  in  New  Yorlc.  While  no  general  mill  act  has 
ever  been  enacted  in  New  York,  nevertheless  the  legislature  has 
in  a number  of  cases,  in  effect,  recognized  the  principle  which  they 
embody.  As  for  instance  in  chapter  235,  laws  of  1854,  an  act  for 
the  improvement  of  the  Saranac  river  and  lakes;  chapter  505, 
laws  of  18G5,  an  act  for  the  improvement  of  the  navigation  of  the 
Oswegatchie  river,  and  of  the  hydraulic  power  thereon,  and  to 
check  freshets  therein ; and  in  chapter  289,  laws  of  18G8,  an  act  to 
provide  for  the  improvement  of  the  hydraulic'  power  of  the  Great 
Chazy  river  and  to  check  freshets  therein.^ 

None  of  these  acts  has  ever  been  subjected  to  the  tests  of  the 
courts.  By  their  terms  commissioners  are  appointed  who  may 
erect  dams,  and,  if  possible  to  agree  on  terms  with  the  owners, 
purchase  the  necessary  lands,  taking  a conveyance  thereof  to 
themselves,  their  heirs  and  assigns  forever.  If  they  can  not  agree 
on  the  terms  of  purchase,  then  title  may  be  acquired  under  the 
general  condemnation  laws  of  the  State.  Under  the  provisions 
of  the  act  apphdng  to  the  Raquette  river,  a dam  was  constructed 
a couple  of  miles  below  Raquette  pond  about  1872.  This  dam 
stored  wmter  over  Raquette  pond,  Tnpper  lake  and  a number  of 
smaller  ponds  in  that  vicinity.  It  was  destroyed  by  the  people 
of  the  vicinity,  as  the  writer  recollects,  about  1875.  Under  the 
provisions  of  the  act  applying  to  the  Oswegatchie  river,  a dam 

1 There  are  a considerable  number  of  similar  acts,  of  which,  so  far  as 
known,  the  following  is  a complete  list;  Salmon  river,  chap.  268,  laws  of 
1872;  Raquette  river,  chap.  90,  laws  of  1869;  Raquette  river,  chap.  432, 
laws  of  1872 ; Raquette  river,  chap.  425,  laws  of  1873 ; Raquette  river,  chap. 
269,  laws  of  1874 ; Raquette  river,  chap.  148,  laws  of  1877 ; Oswegatchie 
river,  chap.  505,  laws  of  1865 ; Grasse  river,  chap.  83,  laws  of  1869 ; Saranac 
river,  chap.  684,  laws  of  ]871;  Saranac  river,  chap.  685,  laws  of  1871; 
Moose  river,  chap.  94,  laws  of  1872 ; Great  Chazy  river,  chap.  289,  laws  of 
1868 ; and  Chateaugay  river,  chap.  652,  laws  of  1874. 


HYDROLOGY  OF  NEW  YORK 


531 


was  also  built  on  the  outlet  of  Cranberry  lake,  which  is  still  stand- 
ing. This  lake  has  a water  area  of  12.8  square  miles. 

While  it  is  true  that  these  acts  recognize  the  principle  of  the 
mill  acts,  still,  if  called  upon  to  defend  tliem,  their  originators 
would  probably  hold  the  improvement  of  navigation  and  the  check- 
ing of  freshets  as  the  real  matter  of  public  utility. 

Although  we  have  no  general  mill  act  in  New  York  State,  we 
nevertheless  reap  the  benefit  on  the  Hudson  river  of  the  mill  act 
in  the  neighboring  State  of  Massachusetts.  Thanks  to  State  lines, 
we  receive  this  benefit  without  cost  to  anybody  in  the  State  of 
New  York.^ 

The  greatest  development  of  these  waterpower  reservoirs  is 
probably  in  Rhode  Island  and  Connecticut,  although  they  are 
common  in  Maine,  New  Hampshire  and  Massachusetts. 

The  absence  of  such  legislation  in  this  State  is  to  be  traced 
largely  to  the  growth  of  the  idea  here  that  the  navigation  interests 
are  paramount  to  those  of  manufacturing,  whence  it  has  resulted 
that  the  important  streams  of  this  State  have  been  mostly  re- 
served for  the  benefit  of  the  internal  navigation  system,  although 
the  showing  herein  made,  as  to  the  value  of  the  water  of  the 
Hudson  river  for  waterpower  in  comparison  with  its  value  for 
the  use  of  navigation,  may  well  lead  us  to  consider  whether  after 
all  the  manufacturing  interests  of  this  State  are  not  quite  as 
worthy  of  consideration  as  those  of  the  neighboring  New  England 
States.  We  ought  not  to  forget  that,  aside  from  carrying  grain 
for  producers  outside  of  this  State,  the  chief  business  of  the 
canals  must  come  from  fostering  manufacturing  interests  within 
the  State  itself. 

^tate  oivnership  of  the  Hudson  river  and  its  effect  in  resUdcting 
the  development  of  waterpower.  Titles  to  lands  bordering  on 
and  lying  under  the  beds  of  large  rivers  like  the  Hudson  have 
been  somewhat  complicated  in  this  State  by  the  peculiar  circum- 
stances of  its  early  settlement  and  history.  Thus,  all  original 
titles  in  the  lower  and  middle  Hudson  valley,  as  well  as  in  the 
most  of  the  Mohawk  valley,  are  derived  from  the  laws  of  Holland 
as  they  existed  early  in  the  seventeenth  century.  Under  the  Dutch 
law  the  riparian  proprietors  owned  neither  the  beds  nor  banks 


^For  account  of  reservoirs  in  Massachusetts  see  page  265. 
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of  streams,  but  both  remained  the  property  of  the  State.  When 
the  colony  of  New  Netherlands  passed  into  the  hands  of  the  En- 
glish government,  the  colonists  were  assured  the  peaceful  enjoy- 
ment of  all  the  rights  they  tlien  possessed.  The  beds  of  large 
streams,  never  having  been  conveyed,  became  then  vested  in  the 
English  government  as  ungranted  lands,  to  which  as  a conse- 
quence of  the  Revolution,  the  State  of  New  York  succeeded  in  due 
course. 

Throughout  the  Colonial  as  well  as  the  early  State  period  this 
right  seems  never  to  have  been  questioned ; it  was  only  after  the 
beginning  of  the  era  of  internal  improvement  that  questions  aris- 
ing under  this  head  became  leading  ones  in  the  jurisprudence  of 
this  State. 

The  English  common  law,  wJiich  became  in  force  in  the  colony 
of  New  York  after  the  English  occupancy,  differs  from  the  civil 
law  of  Holland  in  affirming  the  right  of  the  riparian  proprietors, 
not  only  to  the  banks  of  non-navigable  large  streams,  but  also  to 
the  beds  thereof  and  hence  to  a right  to  the  flow  of  the  water 
paramount  to  that  of  tlie  State,  which  could  only  acquire  rights 
therein  by  the  exercise  of  eminent  domain  and  the  granting  of 
just  compensation. 

The  principle  of  'State  ownershi])  of  tije  Hudson  and  Mohawk 
rivers  was  strongly  asserted  over  one  hundred  years  ago,  in  1792, 
Avhen  on  March  30  of  that  year  an  act  passed  the  legislature  in- 
corporating the  Western  Inland  Lock  Navigation  Company,  hav- 
ing for  its  object  tlie  im]>rovement  of  navigation  of  the  Mohawk 
river  from  the  navigable  ])ortion  of  tlie  Hudson  to  Rome,  and 
thence  to  Lake  Ontario  and  Seneca  lake,  and  the  Northern  Inland 
Lock  Navigation  Company,  having  for  its  object  to  open  a like 
communication  from  the  navigable  part  of  the  Hudson  river  to 
Lake  Champlain.  In  an  amendment  to  this  act,  passed  Decem- 
ber 22,  1792,  it  is  provided  that  all  the  land  under  the  Mohawk 
and  Hudson  rivers  which  may  be  occupied  by  those  corporations 
is  vested  in  them  during  the  continuance  of  the  franchise  “ as  a 
free  gift  from  the  people  of  this  State,”  saving  and  reserving  to 
the  people  tlie  right  to  all  the  lands  under  the  water  not  so 
occupied  as  aforesaid,  to  be  appropriated  as  the  legislature  might 
from  time  to  time  direct. 
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Again,  later  on,  in  1823,  tlie  State  acquired  by  purcliase  all  the 
rights  in  the  Hudson  and  Mohawk  rivers  which  these  two  com- 
})anies  were  possessed  of,  which  purchase  has  been  taken  as  recon- 
firming the  State’s  absolute  title  to  the  beds  and  waters  of  these 
two  streams. 

The  following  are  some  of  the  more  important  cases  bearing 
upon  the  ownership  of  the  Hudson  river  which  have  been  passed 
upon  by  the  courts  of  last  resort  in  this  State. 

The  first  important  case  is  that  of  the  Canal  Appraisers  vs.  The 
People  on  the  relation  of  George  Tibbetts,  determined  in  the 
Court  of  Errors  in  1836.  In  this  case  it  was  held  that  if  in  the 
improvement  of  a navigable  river  the  waters  of  a tributary  stream 
are  so  much  raised  as  to  destroy  a valuable  mill  site  situate 
thereon,  and  if  the  tributary  stream  on  which  said  mill  site  is 
situate  be  generally  navigable,  although  not  so  at  the  particular 
locality  of  the  mill  site,  the  owner  is  not  entitled  to  damages 
within  the  provisions  of  the  canal  laws,  directing  conix)ensation  to 
be  made  for  private  property  taken  for  public  use. 

In  this  case  Tibbetts  claimed  damage  for  the  destruction  of  a 
waterpower  situate  in  the  middle  sprout  of  the  Mohawk  river  by 
the  erection  of  the  Troy  dam.  Tlie  case  was  first  tried  in  the 
Supreme  Court  in  1826,  wlien  tlie  relator  obtained  a rule  that  the 
Canal  Appraisers  should  show  cause  why  a mandamus  should  not 
be  issued  commanding  them  to  assess  the  damage.  The  Canal 
Appraisers  had  refused  to  allow  damages,  assigning  as  a reason 
that  Tibbetts  had  no  legal  claim  to  the  land  under  the  water  of 
the  middle  sprout  because  it  belonged  to  the  people  of  the  State. 
After  various  i)roceedings,  whlcli  need  not  l)e  s])ccially  referred 
to  here,  the  Court  of  Errors  held  as  in  the  foingoiiig,  thereby  con- 
firming the  position  of  the  Canal  Appraisers.^ 

In  the  case  of  The  People  vs.  Tibbetts,  decided  by  tlie  Court  of 
A])peals  in  1859,  it  was  held  that  the  State  in  its  sovereign  char- 
acter owns  the  beds  of  navigable  streams  to  high-water  mark, 
and  that  the  right  of  a riparian  oAvner  is  subservient  to  the  power 
in  the  State  to  abridge  or  destroy  it  at  pleasure,  although  the 
riparian  owner  may  undoubtedly  use  the  Avater  passing  his  land 
so  long  as  he  does  not  impede  the  navigation,  in  the  absence  of 


iThe  Canal  Appraisers  a^s.  The  People,  17  Wendell,  576. 
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any  counterclaim  bv  the  State  as  absolute  proprietor.  The  court 
said : It  is  beyond  dispute  that  the  State  is  the  absolute  owner 

of  the  navigable  rivers  within  its  borders,  and  that  as  such  owner 
it  can  dispose  of  them  to  the  exclusion  of  the  riparian  owners.’’^ 

In  the  case  of  The  People  vs.  The  Canal  Appraisers,  decided  in 
1865,  the  following  points  are  passed  upon  affirmatively : 

1)  The  Mohawk  river  is  a navigable  stream  and  the  title  to 
the  bed  of  the  river  is  in  the  people  of  the  State. 

2)  Kiparian  owners  along  the  stream  are  not  entitled  to  dam- 
ages for  any  diversion  or  use  of  the  waters  of  the  Mohawk  river  by 
the  State. 

3)  It  seems  the  common  law  rules,  determining  what  streams 
are  navigable,  are  not  applicable  in  this  country. 

This  was  a proceeding  by  mandamus,  decided  by  the  Supreme 
Court  and  carried  to  the  Court  of  Appeals,  to  compel  the  Canal 
Appraisers  to  assess  and  appraise  the  damages  which  one  A. 
Loomis  had  sustained  by  the  diversion  of  the  Mohawk  river  at 
Little  Falls  for  the  purposes  of  the  Erie  canal.  After  a learned 
discussion  of  the  several  questions  involved,  the  court  held  as  in 
the  foregoing  1),  2)  and  3) ; the  judgment  of  the  Supreme  Court 
was  affirmed  and  the  mandamus  denied.^ 

Without  discussing  the  question  more  elaborately,  we  may  con- 
clude it  is  a w^ell  settled  doctrine  that  the  banks  to  high-water  mark 
and  the  beds  and  waters  of  the  Hudson  and  Mohawk  rivers  are 
the  property  of  the  State  and  may  be  disposed  of  as  the  legislature 
may  see  fit,  and  absolutely  without  reference  to  the  rights  of 
abutting  proprietors.  Acting  on  this  view,  the  Erie  and  Cham- 
plain canals  have  taken  water  supplies  from  these  twm  rivers  and 
payments  of  damages  have  never  been  made  to  anybody.  As  re- 
gards the  Hudson  river,  the  principle,  so  far  as  can  be  learned, 
has  never  been  questioned  since  the  legislature  first  saliently  af- 
firmed it  by  the  enactment  of  1792.  For  one  hundred  and  twelve 
years,  the  State’s  right  to  absolute  control  of  the  Hudson  river 
has  been  a fixed  fact,  alike  recognized  by  the  courts,  canal  officials 
and  the  owners  of  abutting  lands. 

'The  People  vs.  Tibbetts,  19  N.  Y.  523. 

^The  People  vs.  The  Canal  Appraisers,  33  N.  Y.  401. 
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Although  not  specially  germane  to  the  subject,  it  may  be  re- 
marked in  passing  that  this  condition  of  absolute  State  ownership 
only  applies  to  the  Hudson  and  Mohawk  rivers.  The  titles  to 
lands  bordering  on  the  balance  of  the  large  rivers  of  the  State 
have  mostly  originated  since  the  English  occupancy  and  the  com- 
mon law  rule  governs.  Lack  of  appreciation  of  this  distinction 
on  the  part  of  the  Canal  Appraisers  has  led  to  a number  of  ex- 
tensive litigations.  One  of  these  is  Kempshall  vs.  The  Commis- 
sioners of  the  Canal  Fund,  decided  in  1842,  wherein  it  is  expressly 
held  that  the  banks  and  bed  of  the  Genesee  river  belong  to  the 
riparian  owners,  and  that  even  though  the  stream  had  been  legis- 
latively declared  a public  highway,  still  such  declaration  only 
gave  rights  of  navigation  on  the  stream  itself,  and  did  not  in  any 
degree  confer  upon  the  State  the  right  to  divert  its  waters  into 
another  channel,  as  the  Erie  canal,  without  first  obtaining  such 
right  by  an  exercise  of  eminent  domain  and  the  granting  of  just 
compensation  under  due  process  of  law.^ 

If,  then,  the  State’s  title  to  the  water  of  the  Hudson  river  is 
complete,  there  is  still  responsibility  attached  to  such  ownership. 
The  conditions  leading  to  this  ownership  Avere  peculiar  and  excep- 
tional and  at  variance  with  the  rules  governing  not  only  in  the 
balance  of  the  State  of  Ngav  York,  but  in  most  of  the  other  states 
as  well.  When  the  legislature  first  affirmed  this  principle  one 
hundred  and  twelve  years  ago,  manufacturing,  as  any  considerable 
element  of  our  State  and  National  wealth,  was  an  unknown  quan- 
tity. Its  phenomenal  development  since  then  has  created  condi- 
tions and  needs  so  entirely  different  that  if  we  attempt  to  decide 
The  questions  of  today  by  the  old  standard  we  shall  paralyze  the 
industries  of  a locality. 

As  regards  the  paramount  right  of  the  State  to  the  Avaters  of 
these  streams,  it  may  be  assumed  that  the  only  direction  in  which 
the  State  is  likely  to  exercise  this  right  is  in  the  interests  of  navi- 
gation, and  inasmuch  as  its  exercise  for  this  purpose  on  the  tidal 
section  can  only  be  of  benefit  to  the  other  interests  on  the  stream, 
there  is  every  reason  Avhy  such  an  exercise  of  the  right  should 
be  made. 


^Kempshall  vs.  Commissioners  of  the  Canal  Fund,  26  Wendell,  404. 
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In  any  case  the  day  has  passed  when  the  State  in  its  sovereign 
capacity  can,  without  loss  of  dignity,  sintply  say : This  stream  is 

State  property,  to  he  held  and  even  disposed  of  absolutely  without 
reference  to  the  wants  or  wishes  of  the  ri})ariau  proprietors.^ 

The  Seneca  river  controversy.  l>y  way  of  further  illustrating 
the  relations  of  the  State  to  many  of  the  important  water  powers, 
we  will  refer  to  the  conditions  existing  on  Seneca  river .2 

In  December,  1807,  the  State  of  New  York  by  letters  patent, 
conveyed  to  John  McKinstry  610  acres  of  land  situated  in  the 
township  of  Junius,  Seneca  county,  and  bounded  on  the  south  by 
Seneca  river.  The  northerly  portion  of  the  village  of  Waterloo 
now  stands  on  this  lot.  Subsequently,  ^fcKinstry  conveyed  this 
lot  to  Elisha  IVillianis  Avho,  some  time  between  1808  and  1814, 
erected  a mill  and  constructed  a raceway  leading  from  the  Seneca 
river  to  the  same  from  a ])oint  near  where  the  i^resent  Waterloo 
dam  stands. 

Chapter  144  of  the  laws  of  1813  incorporated  the  Seneca 
Lock  & Navigation  Company,  giving  to  said  company  the 
authority  to  construct  a canal  between  Cayuga  and  Seneca  lakes. 
This  act  provided  that  any  owner  or  oecupant  of  any  land  adjoin- 
ing Seneca  river  or  outlet  may  use  the  water  for  mills  or  other 
hydraulic  works,  but  such  use  shall  at  no  time  impede  the  passage 
of  boats  or  other  water  craft.  That  it  shall  be  lawful  for  the 
owner  or  occupant  of  lands  adjoining  the  said  outlet  or  canal  to 
make  from  the  canal  all  necessary  cuts,  at  his  own  expense,  to 
conduct  the  water  to  his  mills  or  other  hydraulic  works  so,  how- 
ever, as  not  to  impede  the  navigation  or  prevent  the  company 
from  the  use  of  so  much  water  as  at  all  times  shall  be  necessary 
for  the  purposes  of  navigation. 

About  1813  hydraulic  privileges  on  Seneca  river  became  valu- 
able. Elisha  Williams,  who  owned  the  waterpower  on  the  north 
side  of  the  Seneca  river  at  Waterloo,  was  also  a stockholder  in 
the  Seneca  Lock  & Navigation  Company,  and  drew  the  act  incor- 
porating the  same. 

^The  two  preceding  chapters  are  partly  abstracted  from  the  Report  on 
Upper  Hudson  Storage  Surveys,  dated  December  31,  1895. 

^Report  of  Superintendent  of  Public  Works,  1896. 
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Fursuaiit  to  chapter  271  of  the  Iuavs  of  1825,  th(‘  State  of  New 
York  purchased  all  the  right,  title  and  interest  of  tlie  Seneca  Lock 

Navigation  Company. 

Elisha  AVilliaiiis  died  in  183d,  at  which  time  all  the  liydranlic 
privileges  owned  by  him,  estimated  to  be  thirty  rights,  each  equal 
to  one  run  of  stone,  were  sold. 

On  the  south  side  of  the  river  the  conditions  were  somewhat 
■dilferent.  In  the  year  1791)  Samuel  Bear  settled  on  the  south 
«hore  of  Seneca  river,  on  land  which  is  now  included  in  that  part 
of  the  village  of  Waterloo  which  lies  south  of  said  river.  In  1804 
the  State  of  New  York  conveyed  to  Bear  one  hundred  acres  of 
land  lying  along  and  south  of  the  river,  together  with  the  water- 
power  and  privileges  connected  therewith.  Bear  then  excavated 
a raceway  and  erected  a mill  on  this  land. 

The  ])resent  Cayuga  and  Seneca  canal  was  completed  by  the 
State  in  1829,  by  which  year  water  power  on  the  Seneca  river 
had  become  very  valuable. 

The  foregoing  historical  matter  shoAvs  that  the  State  only  owns 
rights  of  navigation  on  Seneca  river,  and  that  the  water  poAver 
belongs  to  the  riparian  OAvners,  as  Avas  fairly  recognized  in  the 
original  enactments.  The  Su})erintendent  of  Public  Works  states, 
however,  that  from  1829  to  the  ju'esent  time  the  Seneca  canal  has 
been  depleted  of  water  for  the  use  of  the  mills,  frequently  to  such 
an  extent  that  it  has  been  extremely  difficult  to  maintain  naviga- 
tion continuously  during  the  Avhole  season.  The  canal  has  indeed 
been  looked  upon  and  treated  by  t!ie  mill  oAvners  as  an  hydraulic 
canal  to  conduct  water  to  their  mills,  rather  than  as  a canal  to  be 
maintained  for  navigation.  FolloAving  this  line,  the  Superin- 
tendent of  Public  Works  ex})resses  tlie  opinion  that  so  long  as  tlie 
State  holds  out  inducements  to  boatmen  to  expend  their  energy 
and  ca])ital  in  the  business  of  carrying  freight  on  the  canals,  and 
to  merchants  and  traders  to  embark  their  goods  thereon,  the  Avater 
supply  provided  for  the  purposes  of  navigation  should  be  used 
tlierefor  to  the  last  drop,  if  necessary,  before  any  other  interest 
is  subserved  ; hence,  the  Superintendent  is  of  the  opinion  that  a 
series  of  piers  and  tide  bulkheads  should  be  constructed,  by  which 
the  Avater  of  Seneca  river  may  be  controlled  for  the  purposes  of 
navigation,  and  Avithout  reference  to  the  rights  of  the  riparian 
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owners — although  such  rights  have  been  guaranteed  by  legisla- 
tive enactment — except  as  there  may  be  surplus  Avater  over  and 
above  the  necessities  of  the  canal. 

Referring  to  the  tabulations  of  tonnage  of  the  canals  for  the 
year  1896,  as  given  in  the  same  report  of  the  Superintendent  of 
Public  Works,  it  appears  that  the  total  tonnage  of  Seneca  canal 
for  that  year  Avas  54,739  tons,  of  Avhich  45,493  tons  Avere  anthra- 
cite and  bituminous  coal,  carried  for  Pennsylvania  coal  producers, 
and  only  8,295  tons  of  domestic  produce  carried  for  shippers 
living  within  and  doing  business  in  the  State  of  New  York.  At 
the  best,  the  cost  of  transportation  on  these  54,739  tons  could  not 
liaA’e  been  oA  er  |25,000  less  tlian  it  Avould  liaA^e  been  if  transported 
by  rail. 

The  manufacturing  establishments  on  the  Seneca  river  at  the 
present  time  include  the  following  firms : 

Tlie  Gould  Manufacturing  Company 

American  Globe  & School  Supply  Company 

Seneca  Falls  Manufacturing  Company 

Shoemaker  & Daniels 

National  Advertising  Company 

Seneca  Woolen  Mills 

Seneca  Electric  Company 

Gleason  & Bailey 

Gleason  Knitting  Mills 

American  Fire  Engine  Company 

YaAvger  Milling  Company 

Harrison  & Chamberlain 

Davis  & Stevens  Manufacturing  Company 

Rumsey  & Company,  Limited 

W.  J.  Littlejohn 

H.  C.  Silsby 

Roberts  & Briggs 

The  amount  of  capital  employed  and  the  annual  product  of 
these  firms  is  unknown,  but  as  several  of  them  are  very  strong 
firms,  employing  large  amounts  of  capital  and  a great  number  of 
hands,  the  total  capital  employed  may  be  safely  placed  at  not  less 
than  12,500,000,  and  the  total  number  of  emploj^ees  at  probably 
exceeding  1500.  In  effect  therefore,  the  proposition  of  the  Super- 
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intendent  of  Pu'blic  Works  amounts  to  this:  That  if  necessary 

lie  would  stop  all  these  great  manufacturing  industries  which  are 
now  owned  and  operated  by  citizens  of  the  State  of  New  York  in 
order,  chiefly,  to  transport  45,493  tons  of  coal  for  Pennsylvania 
mine  owners. 

In  justification  of  this  position  of  the  Superintendent  of  Public 
Works  it  may  be  pointed  out  that  as  the  Executive  Officer  of  the 
Canal  Department  he  is  charged  with  the  maintenance  of  the 
canals  and  the  execution  of  the  canal  laws  generally.  Officially, 
he  can  therefore  take  no  other  position  than  the  one  herein  dis- 
cussed. The  criticisms  are  therefore  directed  towards  the  policy 
and  not  towards  the  official  who  is  doing  his  duty  under  existing 
law. 

Compensatio7i  in  hind  on  Black  river.  Chapter  157  of  the  laws 
of  1836  provided  for  the  construction  of  the  Black  river  canal. 
One  of  the  provisions  of  this  law  was  that  the  feeder  and  canal 
shall  be  so  constructed  as  to  pass  as  large  a quantity  of  water 
to  the  Erie  canal  as  can  reasonably  be  spared  from  Black  river, 
and  from  the  northern  portion  of  the  Black  river  canal.  The 
Black  river  canal  proper  extends  from  Rome  to  the  Black  river 
at  Lyon  Falls,  from  whence  to  Carthage  navigation  is  maintained 
on  that  river  by  means  of  jetties,  locks  and  dams.  In  1848  a dam 
was  built  at  Forestport,  diverting  the  waters  of  Black  river 
through  a feeder  ten  miles  in  length,  leading  from  Forestport  to 
Boonville,  where  it  enters  the  summit  level  of  Black  river  canal ; 
thence  its  waters  flow  both  southerly  to  Erie  canal  at  Rome,  and 
northerly  through  Black  river  canal  to  where  that  canal  enters 
the  river  at  Lyon  Falls,  at  which  place  such  portion  of  the  water 
as  flows  northerly  is  restored  to  Black  river. 

The  feeder  is  estimated  to  carry  16,000  cubic  feet  per  minute 
between  Forestport  and  Boonville.  Of  this  amount  5000  cubic 
feet  per  minute  is  returned  to  Black  river  at  Lyon  Falls,  whence 
the  diversion  to  Erie  canal  becomes,  less  the  evaporation  and  per- 
colation losses,  11,000  cubic  feet  per  minute. 

The  Forestport  feeder  was  opened  regularly  for  use  in  July, 
1849,  and  shortly  thereafter  claims  were  made  by  the  owners  of 
water  power  upon  Black  river  for  damages,  but  for  several  years 
the  Canal  Commissioners  took  the  ground  that  the  appropriation 
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was  only  temporary,  and  allowed  damages  on  that  basis  between 
Forestport  and  Lyon  Falls.  In  1854,  however,  the  auditor  refused 
to  pay  one  of  the  drafts  presented  in  payment  of  such  a claim, 
maintaining  that  the  appropriation  was  permanent  and  that  the 
commissioners  had  no  authority  to  settle  on  the  basis  of  tem- 
porary diversion.  After  litigation  the  Court  of  Appeals  sustained 
the  auditor. 

Following  tliis  decision,  sixty-two  claims  for  permanent  dam- 
age, aggregating  |()00,000,  were  presented  to  the  Canal  Appraisers. 
Hearings  on  these  claims  continued  from  duly  to  December,  1858. 
The  evidence  showed  that  a huge  number  of  ])ersons  had  made 
claims  Avho  were  not  users  of  the  water  ])Ower  in  1849,  and  on  this 
basis  the  Canal  Appraisers  rejected  forty  of  the  claims,  tinally 
awarding  on  twenty-two  of  th(‘in  the  sum  of  f 91, 108. 

The  claimants,  however,  appealed  from  these  awards  on  the 
ground  that  the  A}»])raisers  in  making  their  award  of  damages  had 
not  taken  into  account  the  full  amount  and  tlow  of  water  to  be 
supi)lied  to  the  Black  river  by  the  construction  and  maintenance 
of  tlie  reservoirs  designed  to  limit  th(‘  use  of  Avater  of  said  river 
by  the 'State,  as  conteni])lat(‘(!  by  the  act  of  1880,  and  Avhich  reser- 
voirs Avere  in  ]>rocess  of  construction  and  Avonld  soon  be  completed 
so  as  to  su])ply  a quantity  of  Avat(n-  nenrly  adequate  to  the  wants 
of  the 'State,  as  iioav  comj)leted,  and  tlms  return  to  the  claimants 
the  water  of  Avhich  they  Avonld  otlKU'AA'ise  have  been  depi'ived. 

In  explanation  of  the  foregoing  statement  of  the  Canal  Commis- 
sioners, it  may  be  remarked  that  in  1850  Daniel  C.  Jenne,  at  that 
time  Resident  Engineer  of  the  Eastern  Division,  acting  under  in- 
structions of  the  Canal  Board,  made  a report  on  the  Black  river 
diversion,  in  Avhich  he  said  that  unless  an  amount  of  Avater  be  re- 
turned to  Black  river  equal  to  the  quantity  diverted  heavy  damages 
to  water  poAver  would  ensue,  the  amount  of  Avhich  would  be  almost 
incalculable.  Based  upon  this  report  the  legislature,  by  chapter 
181  of  the  laAvs  of  1851,  ]>rovided  for  the  construction  of  reser- 
voirs on  Black  river  of  sulficient  capacity  to  supply  the  Black 
riA^er  canal  feeder  with  such  quantity  of  Avater  during  the  summer 
months  as  shall  be  necessary  for  tlie  su])ply  of  the  Black  riA^er  and 
Erie  canals,  and  shall  giA^e  to  Black  river,  as  nearly  as  may  be, 
as  much  water  as  ordinarily  hows  therein  during  the  summer 
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moiitlis.  The  act  further  provides  that  tlie  waters  from  said  reser- 
voirs shall  be  discharged  so  that  the  waters  so  reserved  shall  be  let 
into  Black  river  during  the  summer  months  in  such  manner  and 
in  such  quantity  as  to  give,  as  far  as  ])racticable,  to  tlie  inhabi- 
tants residing  on  said  river  the  benefit  of  said  reserve  waters  when 
the  same  shall  be  required  for  use,  and  such  supply  shall  not  be 
less  tlian  the  quantity  wliicli  ordinarily  Hows  in  said  river  during 
tlie  suminer,  provided  the  supply  from  said  reservoirs  will  furnish 
such  quantity  after  supplying  the  Black  river  and  Erie  canals 
with  water. 

We  have  here  a case,  therefore,  in  which  the  legislature,  by 
chapter  181  of  the  laws  of  1851,  provided  for  compensation  in 
kind.  So  far  as  can  be  learned,  this  is  tlie  only  case  in  New  York 
where  the  principle  of  compensation  in  kind  has  been  adopted  on 
a large  scale  on  account  of  hydraulic  diversion.  Eisually  when 
such  questions  have  been  litigated  the  courts  have  held  that  there 
must  be  mone^^  compensation. 

The  construction  of  the  reservoirs  began  in  1852,  and  proceeded, 
as  legislative  appropriations  were  made,  from  year  to  year,  al- 
though in  1858,  when  the  appraisers  Avere  considering  the  Black 
river  claims,  only  the  North  branch  reservoir  had  been  completed. 
Work  had  been  begun  on  the  South  branch,  Woodhull  and  Chub 
lake  reservoirs,  but  stopped  in  1857  for  lack  of  funds. 

As  already  stated,  the  Canal  Commissioners  appealed  from  the 
awards  of  the  Appraisers  on  the  ground  that  the  said  Appraisers 
had  not  taken  into  account  the  full  amount  and  flow  of  water  to 
be  obtained  from  the  reservoir  system.  The  Canal  Board  rendered 
its  decision  on  this  appeal  in  February,  1860.  The  position  of  the 
Canal  Commissioners  Avas  sustained  and  the  Canal  Appraisers^ 
aAvards  reduced  pro  rata  35  per  cent — ^that  is  to  say,  the  Canal 
Board  took  the  ground  that  the  construction  of  the  reservoirs  was 
to  a considerable  degree  compensation  for  the  diversion. 

'Since  1860  a number  of  reservoirs  have  been  built  until  the 
actual  storage  capacity  on  the  lieadAvaters  of  the  Black  river  is 
considerablA^  in  excess  of  the  full  amount  diverted  to  the  Erie 
canal  during  the  dry  season,  but  for  various  reasons  the  construc- 
tion of  these  reservoirs  has  not  supplied  the  Avater  needed — or  at 
any  rate  it  is  so  claimed  by  the  owners  of  mills  on  the  Black  river. 
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The  chief  reasons  why  the  large  storage  capacit}^  of  the  various 
reservoirs  has  not  been  sufficient  to  provide  a proper  dry-Aveather 
doAv  are  stated  as: 

1)  The  inaccessibility  of  several  of  these  reservoirs. 

2)  The  constant  surreptitious  use  of  the  water  by  lumbermen 
for  the  purpose  of  floating  logs  down  the  streams,  from  which  it 
results  that  the  storage  is  drawn  off  in  the  spring,  thus  leaving 
the  reservoirs  empty  when  actually  needed  later  in  the  season. 

The  question  may  be  very  properly  asked : Why,  if  the  State 
had  inaugurated  by  chapter  181  of  the  laws  of  1851  a reservoir 
system  on  Black  river,  Avith  a vieAv  of  compensation  for  the 
diverted  water  in  kind,  there  should  liaA^e  been  any  payment  of 
damages  at  all?  The  ansAA’er  to  this  question  is  as  follows: 
While  the  reservoirs  AA’ere  actually  authorized  in  1851,  still  in 
1858-59,  when  these  claims  AA-ere  under  consideration,  only  one 
reservoir — that  on  the  North  branch — had  been  completed,  work 
having  been  stopped  on  the  South  branch,  Woodhull  and  Chub 
lake  reservoirs  in  1857  for  lack  of  funds.  The  mill  OAvners  had 
therefore  Avaited  ten  years  Avithout  having  received  either  money 
compensation  for  the  damage  or  compensation  in  kind.  Com- 
menting on  this  situation  the  Canal  Appraiisers  in  their  discussion 
of  difficulties  in  the  Avay  of  estimating  damages  state  in  effect 
that  owing  to  the  uncertainties  of  legislative  action  no  one  can 
say  Avhen  the  reservoir  system  Avill  actually  be  completed,  but  if 
the  reservoirs  were  completed,  and  they  had  accomplished  wholly 
or  in  any  ascertained  part  the  desired  object  of  producing  a larger 
summer  flow  in  Black  river,  such  fact  would  have  an  important 
bearing  in  reducing  the  amount  of  permanent  injury  to  the  water 
poAA^er.  In  view  of  the  foregoing,  the  appraisers  say : 

These  claims  can  not  receive  as  satisfactory  decision  as  we 
should  desire  until  the  successful  or  unsuccessful  working  of  the 
reservoirs,  if  completed,  can  be  known,  or  the  policy  determined 
Avhether  or  not  they  are  to  be  completed ; and  the  appraisers  have 
almost  as  little  faith  in  the  correctness  of  the  conclusions  which 
they  may  reach  as  in  the  belief  that  those  conclusions  will  satisfy 
either  the  claimants  or  the  State.  For  the  nearly  four  years  that 
the  present  Board  of  Appraisers  have  held  office,  they  have  ke])t 
these  claims  in  abeyance  in  the  hope  that  the  time  would  come 
Avhen  they  could  dispose  of  the  claims  in  a manner  which  would. 
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at  least,  be  satisfactory  to  themselves;  but  the  claimants  have 
waited  patiently  nine  years,  trusting  to  the  good  faith  of  the 
State  to  make  good  their  losses,  and  it  is  unreasonable  to  ask 
them  to  wait  for  an  indefinite  number  of  years  more.  The  State 
has  permanently  appropriated  this  water  and  will  use  it,  and  has, 
by  the  act  of  appropriation,  in  the  exercise  of  its  sovereignty, 
the  right  to  use  and  control  it  through  all  future  time,  and  enough 
is  known  from  the  experience  of  the  last  nine  years  to  show  that 
considerable  damage  has  already  accrued,  which  no  mere  restora- 
tion of  the  water  can  atone  for. 

Under  the  head  of  leading  principles  that  would  be  recognized 
and  followed  in  deciding  these  cases,  the  Canal  Appraisers  remark 
that  in  order  to  save  the  necessity  of  presenting  general  views  in 
each  case  they  will  state  certain  leading  principles  to  be  recog- 
nized and  followed  in  passing  upon  all  these  claims : 

1)  The  State  will  be  held  liable  for  the  damage  sustained  by 
the  riparian  owners  in  consequence  of  the  diversion,  on  the  prin- 
ciple that  fresh  rivers  to  the  middle  of  the  stream,  belong  to  the 
owners  of  the  adjacent  banks;  that  they  are  entitled  to  the 
usufruct  of  the  waters  as  pertinent  to  the  fee,  and  for  an  inter- 
ruption in  the  enjoyment  of  their  privileges  in  that  respect  in  con- 
sequence of  public  improvements  made  by  the  State,  are  entitled 
to  compensation  for  damages  sustained. 

2)  There  can  be  allowance  made  only  to  those  who  owned  in 
1849,  or  to  the  assignees  of  their  claims. 

3)  Nor  can  any  allowance  be  made,  even  to  the  owners  of  1849, 
for  any  special  damages  from  year  to  year  since,  except  by  way 
of  interest  on  tlie  sum  that  shall  be  determined  as  the  real  loss 
when  the  injury  occurred. 

4)  The  State  can  not  be  held  to  pay  for  mills  or  other  struc- 
tures erected,  or  investments  made,  since  that  year,  when  every- 
body knew"  that  the  waters  had  been  diverted ; these  erections  or 
investments  were  at  the  risk  of  those  who  made  them. 

5)  Nor  can  the  appraisers  take  into  consideration  remote  or 
contingent  damages  to  property,  separate  and  distinct  from  water 
pow"er,  and  the  property  upon  it  alleged  to  have  been  depreciated 
in  value  by  the  diversion. 

6)  In  estimating  damages  to  a particular  water  power,  addi- 
tional expenses  incurred  in  putting  in  new  machinery,  etc. 
adapted  to  the  new  order  of  things  will  be  considered,  but  only  as 
bearing  upon  the  extent  of  the  damages  of  1849,  which  required 
such  expenditures  to  restore  the  power. 
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7)  While  we  can  not  wholly  ignore  the  fact  that  the  State  has 
had  in  contemplation  the  erection  of  the  reservoirs  and  may  yet 
complete  them  and  the  water  be  restored,  Ave  can  only  take  these 
things  into  account  in  a qualified  and  limited  sense. 

With  the  foregoing  principles  in  view,  the  Board  of  Appraisers 
handed  down  their  decisions  on  each  individual  claim,  the  aggre- 
gate being,  as  already  stated,  |bl,10S. 

Later  on  the  State  made  additional  aj)propriations,  finally 
carrying  out  an  extensive  reservoir  system  on  Black  river.  The 
reservoirs  constructed  to  date,  Avifh  tlieir  available  capacities,  are 
as  follows : 


Name  of  reservoir 

Mean  area, 
acres 

Mean  depth, 
feet 

Available 
capacity, 
cubic  feet 

White  lake 

296 

5.0 

64,000,000 

Chub  lake 

200 

4.0 

35,000,000 

Sand  lake 

306 

15.0 

200,000,000 

Woodhull  lake 

1,118 

18.0 

438,000,000 

Bisbv  lakes^ 

3.5 

40,000,000 

Canachagala  lake 

320 

4.0 

56,000,000 

North  lake 

277 

28.0 

676,000,000 

South  lake 

372 

26.0 

350,000,000 

TAvin  lakes 

175 

8.0 

60,000,000 

Fulton  chain  lakes 

800,000,000 

Still  water2 ■'..... 

3,200 

6.0 

850,000,000 

Forestport  

700 

7.0 

213,000,000 

Total 3,782,000,000 


The  foregoing  total  of  3,782,000,000  cubic  feet  storage  is  suffi- 
cient to  furnish  a mean  flow  from  the  storage  alone  of  about  220 
cubic  feet  per  second  for  200  days. 

Notwithstanding  the  liberal  reservoir  capacity  on  Black  river, 
the  mill  owners  have  complained  from  year  to  year  that  they 
suffer  from  shortage  of  water  on  account  of  the  diversion  for 
Black  river  and  Erie  canals,  and  an  investigation  in  1888  having 
shown  that  the  mill  owners’  claim  that  the  water  was  improperly 
used  by  lumbermen  Avas  Avell  founded,  the  legislature,  by  chapter 


iThis  reservoir  has  been  abandoned. 

2 This  reservoir  is  rebuilding  in  1902-3-4. 
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188  of  the  laws  of  1894,  authorized  the  Governor  to  appoint  three 
citizens  of  Jefferson  county  and  one  of  Lewis  county,  interested 
in  the  use  of  and  owners  of  water  power  on  Black  river,  Beaver 
river  or  Moose  river  in  such  counties,  to  be  Oommissioners  of 
Water  Power  for  Black  river.  These  conimissioners  are  authorized 
to  appoint  a gatekeeper  for  the  State  dam:  at  Stillwater  on  the 
Beaver  river,  and  also  for  the  dams  constructed  by  the  State  on 
the  Fulton  chain  and  on  Moose  river.  The  act  also  authorizes 
the  commissioners  to  make  rules  and  regulations  for  the  man. 
agement  of  the  gates  in  said  dams,  subject  to  the  approval  of  the 
Suijerintendent  of  Public  Works,  and  the  gatekeepers  are  directed 
to  observe  and  obey  all  rules  and  regulations  so  made  and  a])- 
proved,  under  penalty  of  removal,  at  any  time,  either  by  the 
commissioners  or  by  the  Superintendent  of  Public  Works. 

The  commissioners  are  further  authorized  to  regulate  the  dis- 
charge of  water  through  such  gates,  at  such  times  and  in  such 
quantities  as  they  may  deem  proper,  but  not  in  such  manner 
as  to  injuriously  interfere  with  canal  navigation  or  the  navigation 
of  that  portion  of  the  river  used  for  canal  purposes.  This  act 
was  reenacted  by  chapter  795  of  the  laws  of  1896,  with  the  addition 
thereto  of  an  increase  of  salary  of  the  gatekeepers,  the  act  of 
1894  only  permitting  an  expenditure  of  |500  a year  for  this  pur- 
pose, while  that  of  1896  permits  an  expenditure  of  |1,100.^ 

The  case  of  Skaneateles  lake.  Chapter  728  of  the  laws  of  1889 
provided  that  under  certain  conditions  the  city  of  Syracuse  might 
draw  a water  supply  to  the  extent  of  15,000,000  gallons  daily 
from  Skaneateles  lake,  which  had  been  permanently  appropriated 
us  a State  reservoir  for  the  supply  of  the  Jordan  level  of  the 
Erie  canal  in  1844.  Since  this  case  presents  many  interesting 
points  in  illustration  of  the  peculiar  relations  between  the  State 
and  the  riparian  owners  iu  New  York,  it  will  be  briefly  discussed, 
beginning  with  the  early  history. 

About  1824  the  owner  of  land  at  the  foot  of  Skaneateles  lake 
constructed  a dam  across  the  outlet,  whereby  the  waters  of  the 
lake  were  raised  from  4 to  6 feet  above  their  natural  level,  thus 
creating  a reservoir  and  waterpower  sufficient  to  propel  mills 

^Report  of  the  State  Engineer  and  Surveyor  for  the  year  ended  September 
30,  1888. 
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and  macliineiy  at  that  point.  The  outlet  of  Skanea teles  lake  is 
a very  rapid  stream,  descending  in  a distance  of  nine  miles  nearly 
500  feet,  and  furnishing  frequent  waterfalls,  many  of  which 
have  been  improved  by  the  erection  of  large  manufacturing  estab- 
lishments, dependent  for  their  propelling  power  upon  the  water 
of  the  outlet. 

The  water  of  Skaneateles  creek  was  appropriated  to  feed  Erie 
canal  in  its  first  construction,  and  a dam  across  the  creek  and  a 
raceway  or  feeder  were  constructed  at  or  near  the  village  of 
Jordan.  It  will  be  understood  that  the  original  State  construction 
of  a dam  and  feeder  at  the  village  of  Jordan  did  not  in  any  way 
interfere  with  the  reservoir  dam  constructed  as  stated  in  1824  at 
the  foot  of  the  lake  itself.  The  canal  authorities,  however,  claimed 
that  the  effect  of  the  dam  at  the  outlet,  and  other  dams  on  the 
stream  where  power  development  had  been  made,  was  at  times 
such  as  nearly  to  prevent  the  flow  of  any  water  into  the  canal* 
hence,  it  was  found  necessary  during  the  dry  period  of  nearly 
every  year  to  resort  to  Skaneateles  lake  itself  to  procure  a tem- 
porary supply  of  w^ater  for  the  canal.  For  the  use  of  this  water 
as  taken  from  year  to  year  the  State  for  many  }’ears  paid  dam- 
ages to  the  owners  of  the  hydraulic  privileges  at  the  outlet  of 
tlie  lake.  Thus  payments  were  made  in  December  18J3,  Decem- 
ber 1835,  June  1837,  and  in  1840,  this  latter  payment  being  on 
appraisement  made  pursuant  to  chapter  150  of  the  laws  of  1839 
for  the  use  of  water  from  1824-30,  inclusive.  Payments  were  also 
made  in  1840  and  1841,  the  whole  amount  paid  for  temporary  use 
of  water  from  the  lake  up  to  1841  being  |13,154. 

In  1844  the  Canal  Commissioners,  in  a report  submitted  to  the 
senate  in  response  to  a resolution  asking  for  information  as  to 
how  much  had  been  awarded  to  the  mill  owners  and  others  on 
Skaneateles  creek  for  water  drawn  from  that  stream  and  lake 
for  the  use  of  the  canal,  etc.  reported  that  in  their  opinion 
measures  should  be  taken  without  delay  to  secure  independent 
control  of  the  waters  of  Skaneateles  lake,  thus  severing  the  injur- 
ious connection  between  the  interests  of  the  State  and  those  of 
private  individuals.  The  commissioners  also  say  in  this  report 
that  the  Canal  Board  had,  in  1841,  passed  a resolution  permanently 
appropriating  the  waters  of  Skaneateles  lake  as  a reservoir  and 
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feeder  to  the  canal,  but  that  the  resolution  authorizing  this  appro- 
priation also  contained  the  provision  that  the  State  should  draw 
all  the  water  furnished  bv  Nine  Mile  creek  and  Carpenter's  brook 
for  supplying  the  Erie  canal  during  the  dry  portions  of  the  navi- 
gation season 4 This  order,  the  commissioners  state,  was  re- 
scinded, because  of  containing  conditions  that  might  have  ren- 
dered the  reservoir  unavailable  at  a time  when  most  required. 

In  September,  1843,  the  Canal  Board  made  another  order,  appro- 
priating the  waters  of  the  lake  as  a reservoir  and  feeder,  omitting 
what  from  the  State  officials’  point  of  view  were  the  objectionable 
features  of  the  previous  order — that  is  to  say,  the  order  of  Septem- 
ber 1843,  appropriated  the  water  of  the  Skaneateles  lake  and 
outlet,  without  reference  to  the  rights  of  the  riparian  owners,  any 
further  than  that  they  were  to  be  paid  for  actual  damages  in- 
cur re  d.^ 

Following  this  order  the  Canal  Appraisers  awarded  damages  to 
the  owners  of  water  rights  on  Skaneateles  outlet  to  the  amount 
of  |28,450.  Later  on  the  State  reconstructed  the  dam  at  the  foot 
of  Skaneateles  lake,  at  the  same  time  cutting  down  the  bottom 
of  the  outlet  enough  to  permit  of  drawing  7 feet  depth  of  Avater, 
measuring  from  the  surface  of  highwater  as  indicated  by  a certain 
stone  monument. 

PreAuous  to  1888  the  Avater  supply  of  the  city  of  Syracuse  Avas 
furnished  by  a private  company.  The  water  furnished  was,  hoAV- 
ever,  of  inferior  quality  and  the  distribution  system  inadequate 
to  the  wants  of  a growing  city  like  Syracuse.  Under  these  con- 
ditions the  citizens  of  Syracuse  procured  the  passage  of  an  act, 
chapter  532  of  the  kiAvs  of  1888,  constituting  a board  of  special 
commissioners  to  inquire  into  and  investigate  the  several  sources 
of  water  supply  which  could  be  made  available  for  the  public, 
mechanical  and  domestic  uses  of  said  city.  It  was  also  provided 
that  said  investigation  should  take  into  account  the  abundance 
of  the  proposed  supply  of  water,  its  quality  and  character. 

'Presumably  what  Avas  meant  Avas  that  all  the  water  these  streams  could 
furnish  should  be  draAAm  before  any  was  taken  from  Skaneateles  lake. 

2 For  an  extended  abstract  of  early  history  of  Skaneateles  feeder,  see  the 
Supreme  court  case  of  the  city  of  Sjwacuse  against  Richard  M.  Stacey  and 
others,  Syracuse,  1894. 
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The  special  commissioners  employed  as  their  engineer  J.  J.  K. 
Croes  to  take  charge  of  the  investigation  to  be  made  by  the 
board.  Under  Air  Croes’s  direction  investigations  were  made  as 
to  possible  municipal  water  supplies  for  Syracuse  from  eleven 
sources:  Salmon  river,  Skanea teles  lake,  Lake  Ontario,  Seneca 
river,  Onondaga  creek.  Gang  wells,  Cazenovia  lake,  Oneida  lake, 
Otisco  lake,  Tully  lakes  and  the  supply  of  the  Syracuse  Water 
Compan3\  After  an  exhaustive  study  of  these  possible  sources  of 
supply.  Air  Croes  submitted  a report  under  date  of  January  26, 
1880,  in  which  he  recommended  that  Skaneateles  lake  be  adopted 
as  the  source  of  the  municipal  water  supply,  on  the  ground  chiefly 
that  the  water  of  this  lake  was  superior  to  any  of  the  others  from 
a sanitary  point  of  view;  that  it  could  be  supplied  by  gravity, 
and  that  the  cost  would  be  less  than  a proper  supply  from  any 
other  of  the  available  sources. 

In  the  report  of  the  special  commissioners  it  is  pointed  out 
that  section  6 of  article  7 of  the  Constitution  of  New  York  would 
render  it  impossible  for  the  city  of  Syracuse  to  obtain  Skaneateles 
lake  as  a source  of  water  supply,  because  that  lake  constitutes 
part  of  Erie  canal,  and  is  therefore  the  property  of  the  State  and 
can  not  be  disposed  of  by  it.  The  constitution,  however,  does  not 
define  what  the  Erie  canal  consists  of,  but  by  article  1,  title  9, 
chapter  9, part  1 of  the  revised  statutes,  the  legislature  has  enacted 
that  the  navigable  connections  joining  the  waters  of  Lake  Erie 
with  those  of  Hudson  river,  and  all  the  side  cuts,  feeders  and  other 
works  belonging  to  the  State,  connected  therewith,  shall  be  known 
by  the  name  of  the  Erie  canal. 

The  special  commissioners  held  that  the  constitution  did  not 
make  Skaneateles  lake  a part  of  the  Erie  canal,  but  that  what 
the  constitution  means  is  that  Erie  canal — the  channel  across  the 
State  and  the  waters  necessary  for  its  use — shall  not  be  sold,  and 
not  that  any  feeders  originally  designated  by  the  State  as  forming 
a part  of  it  may  not  be  disposed  of  and  others  substituted  in 
their  places.  Further,  inasmuch  as  the  constitution  has  not 
defined  what  shall  be  considered  as  the  Erie  canal,  but  that  such 
definition  has  been  made  by  the  legislature,  it  therefore  follows 
that  if  the  legislature  were  competent  to  enact  that  all  feeders  of 
the  Erie  canal  should  become  and  be  a part  thereof,  it  was  equally 
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competent  to  declare  that  certain  feeders  shall  cease  to  be  a part 
of  the  canal,  especially  when  such  feeders  cease  to  be  necessary 
or  useful  for  this  purpose. 

The  commissioners  also  pointed  out  that  by  the  revised  statutes 
the  legislature  has  enacted  that  whenever  any  water  may  be  spared 
from  any  canal  or  works  connected  therewith  without  injury  to 
the  navigation  or  safety  of  such  canal,  a sale  of  such  surplus 
water  may  be  made.  The  commissioners  recognized,  however, 
that  this  act  provides  that  the  State  shall  have  the  right  wholly 
to  resume  the  waters  so  conveyed  and  the  privileges  thereby 
granted  whenever  it  shall  become  necessary  for  the  use  or  safety 
of  the  canal,  but  on  this  point  they  suggested  that  if  the  State 
by  an  act  of  the  legislature  has  the  power  to  make  a revocable 
grant  of  waters  of  a feeder  of  the  canal,  but  not  necessary  for 
its  use  and  safety,  it  also  has  the  power  to  make  an  irrevocable 
grant  of  such  waters.  The  plan  proposed  by  Mr  Croes  included 
the  construction  by  the  city  of  Syracuse  of  a compensation  reser- 
voir on  Carpenter’s  brook,  whereby  the  water  taken  from 
Skaneateles  lake  for  the  public  water  supply  of  the  city  of  Syra- 
cuse may  be  returned  to  the  State  in  kind.  Such  an  exchange,  the 
commissioners  said,  could  in  no  way  impair  the  usefulness  or 
safety  of  the  Erie  canal,  nor  in  any  manner  injure  the  interests 
of  the  State.  The  commissioners  also  said  that  it  did  not  seem 
to  them  that  such  forced  or  technical  interpretation  of  the  con- 
stitution should  be  resorted  to  as  would  preclude  the  possibility 
of  a municipality  of  nearly  100,000  people  securing  a proper  and 
suitable  source  of  water  supply.  They  believed  indeed  that  the 
necessities  of  the  city  in  this  regard  were  so  urgent,  and  its  wel- 
fare and  prosperity  so  largely  dependent  upon  securing  water 
from  Skaneateles  lake,  that  the  authorities  of  the  State  should 
feel  constrained  to  accede  to  the  demand  of  the  city  for  this  water 
as  the  source  of  its  municipal  supply. 

Following  the  special  report  of  the  commissioners,  chapter  728 
of  the  laws  of  1889 — An  Act  to  establish  and  maintain  a water 
department  in  and  for  the  city  of  iSyracuse — was  enacted.  This 
act  was  strongly  opposed  by  those  interested  in  the  Erie  canal, 
the  opposition  being  chiefly  on  the  ground  that  the  taking  of  the 
waters  of  Skaneateles  lake  for  the  supply  of  the  city  of  Syracuse 


550 


NEW  YORK  STATE  MUSEUM 


would  work  great  injury  to  the  navigation  intereits.  While  this 
act  was  under  consideration  by  the  legislature,  the  Senate  requested 
the  State  Engineer  and  'Surveyor  to  furnish  whatever  information 
he  might  possess  as  to  sources  of  Avater  supply  Avhich  could  he 
made  aAmilable  for  the  Jordan  level,  together  Avitli  his  opinion 
as  to  the  mode  bv  Avhich  such  Avater  supply  could  be  stored,  and 
the  probable  cost  of  the  Avork  for  such  purpose.  Pursuant  to  this 
resolution,  the  State  Engineer  and  Surveyor  reported,  under  date 
of  March  12,  ISSO.^  In  tliis  report  the  State  Engineer  stated  that 
it  did  not  seem  practicable  to  make  provision  at  Skaneateles 
lake  for  a greater  amount  of  storage  than  that  giA'en  b}’  the  ex- 
isting dam,  nor  did  there  seem  to  be  any  ])oint  for  additional 
storage  reservoirs  between  the  lake  and  Erie  canal  on  the  line  of 
tlie  Skaneateles  creek.  It  was,  liOAA^ever,  pointed  out  that  about 
two  miles  east  of  Jordan,  Car])enter’s  brook  enters  Erie  canal. 
On  the  line  of  this  brook,  about  a mile  southerly  from  the  canal, 
the  topograi)hy  is  such  as  to  atford  a location  for  a large  reservoir 
and  dam  55  feet  in  liight.  At  this  place  there  could  be  created 
a reservoir  lioAving  650  acres  and  impounding  807,0'00',000)  cubic 
feet  of  Avater.  The  catcliment  area  of  Carpenter’s  brook  above  the 
proposed  dam  is  stated  at  14.5  square  miles,  Avhieh,  according  to 
the  estimate  of  the  State  Engineer  and  SurA^eyor,  may  furnish. 
429,500,000  cubic  feet  yearly.  Caiqtenter's  brook,  hoAveA^er,  noAv 
supplies  to  the  Erie  canal  during  the  navigation  season  about  200 
cubic  feet  ])er  minute  Avhich,  for  tlie  Avliole  season,  may  be  taken 
at  70,500,000  cubic  feet.  Therefore  there  Avould  remain  available 
for  storage  in  the  reservoir,  beyond  present  demands,  tlie  annual 
quantity  of  359,000,000  cubic  feet. 

It  Avill  be  noticed  that  the  stated  capacity  of  Carpenter’s  brook 
reservoir  of  807,000,000  cubic  feet  is  in  excess  of  the  yield  of  the 
catchment  area  of  429,500,000  cubic  feet.  This  excess  capacity 
of  the  reservoir  the  State  Engineer  proposed  to  utilize  by  div^ert- 
ing  water,  either  through  a feeder,  or  by  pipe  lines  leading  to  tlie 
Skaneateles  outlet,  whereby  it  AAmuld  be  made  possible  to  direct, 
AA’hen  necessary,  the  flood-lloAvs  of  Skaneateles  outlet  into  the  Car- 
penter’s brook  reservoir. 


1 Senate  document  No.  54  (1889). 
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After  discussing  these  several  questions,  the  State  Engineer  ex- 
](iessed  the  opinion  that  the  creation  of  a storage  reservoir,  as 
outlined  in  the  foregoing,  would  be  tlie  only  safe  method  by  which 
a jiortion  of  Skaneateles  lake  water  could  be  used. 

The  act  authorizing  the  citv  of  Svracnse  to  take  its  water  sup- 
])ly  from  'Skaneateles  lake,  as  finally  ]>assed  by  the  legislature, 
provided  as  follows : 

The  Syracuse  Water  Board,  by  and  with  the  consent  of  the 
Canal  Board,  is  hereby  authorized  and  empoAvered  to  appropriate 
so  much  of  the  Avaters  of  Skaneateles  lake  as  may  be  necessary  to 
supjdy  the  city  of  Syracuse  and  its  inhabitants  Avith  Avater,  upon 
the  express  condition,  liOAA^eA’er,  that  the  city  of  Syracuse  shall, 
Avhen  so  required  by  the  Canal  Board,  furnish  from  such  other 
source  or  sources,  and  in  such  manner  as  the  Canal  Board  may 
designate,  as  much  Avater  for  the  use  of  the  Erie  canal  as  shall  be 
taken  by  the  city  from  Skaneateles  lake,  and  the  poAver  granted 
in  this  act  shall  be  deemed  to  include  authority  and  j)OAAer  to 
jjrovide  such  compensating  AAOter  supply  for  the  Erie  canal,  and 
to  do  and  perform  all  those  acts  and  things  Avhich  shall  be  need- 
ful to  acquire  for  said  city  and  its  inhabitants  the  Avaters  of 
Skaneateles  lake. 

This  act  Avas  shar])ly  contested  on  the  ground  that  it  did  not 
properly  provide  for  the  rights  of  the  riparian  owners,  the  mis- 
conception of  former  days,  that  the  State  by  an  act  of  appro- 
priation for  purposes  of  navigation  absolutely  extinguished  all 
rights  of  the  riparian  owners,  again  coming  up.  As  regards 
water  poAvers  on  Skaneateles  outlet,  this  principle  AAms  finally 
decided  in  the  case  of  Waller  vs.  The  State  of  New  A^ork,  in  1893,^ 
in  which  the  question  as  to  the  State’s  absolute  control  of  the 
Avaters  of  Skaneateles  outlet  was  decided  adversely,  the  theory 
of  the  State  being  that  the  purchase  of  a piece  of  laud  through 
Avhich  Skaneateles  outlet  flowed,  at  or  near  the  foot  of  Skaneateles 
lake,  and  the  erection  of  a dam  thereon,  had  giA^en  to  the  State 
the  full  right  of  control  of  the  waters  of  the  outlet.  The  decision 
was  that  State  control  Avas  for  the  purpose  of  navigation  and  no 
further,  and  that  any  interference  with  the  natural  flow  beyond 
that  required  for  the  benefit  of  the  canal  navigation,  Avas  a damage 
to  the  riparian  OAvners,  to  be  compensated  for  like  any  other 
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damage.  The  case  presented,  however,  by  the  Syracuse  water  act 
was  claimed  by  the  opponents  of  the  scheme  to  be  very  different 
in  that  it  provided  in  effect — if  the  consent  of  the  Canal  Board  be 
obtained — that  the  entire  flow  of  the  catchment  area  be  held  at 
the  will  of  the  city  of  Syracuse  and  without  reference  to  the 
rights  of  the  riparian  owners.  Without  stopping  to  discuss  this 
point  at  length,  it  may  be  pointed  out  in  passing  that  the  city  of 
Syracuse  has  taken  measures  to  become  possessed  of  all  the  water 
rights  on  the  stream,  either  by  purchase  or  by  condemnation,  the 
condemnation  cases  being  in  process  at  the  present  time. 

As  a further  technical  objection,  it  was  contended  by  the 
opponents  that  the  Syracuse  water  act  did  not  provide  for  money 
compensation,  but  for  the  construction  of  a storage  reservoir  to 
furnish  compensation  in  kind.  The  proposition  advanced  under 
this  head  was  that  money,  which  is  the  only  measure  of  damage 
or  value  known  in  the  commerce  of  the  civilized  world,  was  the 
only  proper  compensation  to  make,  the  principle  of  water  com- 
pensation, as  extensively  developed  abroad,  apparently  being  un- 
known to  those  opposing  the  Syracuse  water  act. 

After  exhaustive  hearings  before  the  Canal  Board,  in  which 
arguments  of  the  opposition  were  strongly  presented,  the  Canal 
Board  finally  gTanted  the  permission  authorized  by  the  law  passed 
in  1889. 

■ Waterpower  development  discouraged  in  New  York.  We  have, 
therefore,  the  following  contradictory  conditions,  tending  to  dis- 
courage the  development  of  waterpower  existing  in  the  State 
of  New  York.  Special  mill  acts  applying  to  the  northern  part  of 
the  State  have  been  enacted,  but  there  is  no  general  mill  act 
applying  to  the  entire  State.  [Since  writing  the  foregoing.  Senate 
bill  No.  679  of  session  of  1904,  An  Act  to  establish  a permanent 
commission  for  the  regulation  of  the  flow  of  watercourses  in  this 
State  in  aid  of  public  health  and  safety,  to  be  known  as  the  River 
Improvement  Commission,  has  received  Executive  approval].  On 
Hudson  and  Mohawk  rivers  the  State  claims  the  right  to  the 
waters,  while  on  the  Genesee  river  and  other  streams  of  the  west- 
ern part  of  the  State  the  English  common  law  rule  prevails.  On 
Seneca  river  there  has  been  a controversy  as  to  the  water  rights 
extending  from  1830  to  the  present  time.  Due  to  restrictive  laws. 
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the  position  of  the  canal  department  in  this  controversy  has  been 
that  if  necessary  the  department  could  stop  industries  in  favor 
of  navigation,  although  the  money  interest  is  much  greater  in 
favor  of  manufacturing  than  in  favor  of  navigation.  On  Black 
river  the  principle  of  compensation  in  kind  has  been  adopted  in 
the  most  explicit  manner,  while  in  the  case  of  Skaneateles  lake  it 
is  assumed  that  the  wants  of  a great  municipality  are  superior 
to  the  demands  of  navigation. 

There  are  many  other  cases  throughout  the  State  equally  em- 
phasizing the  contradictory  nature  of  the  laws  governing  the 
ownership  of  water.  It  is  inevitable  that  such  laws  should 
paralyze  industry,  with  the  result  that  only  about  25  per  cent  of 
the  total  waterpower  of  the  State  is  developed.  Had  these  laws 
not  existed,  or  had  they  been  either  removed,  modified  or  made 
consistent  forty  or  fifty  years  ago,  it  is  believed  that  from  60 
to  75  per  cent  of  the  total  waterpower  would  now  be  developed 
and  the  population  and  wealth  of  the  State  would  be  far  greater 
than  it  is  under  present  conditions.^ 

These  interesting  problems  are  presented  for  consideration  in 
the  hope  that  the  people  in  their  wisdom  will  arrive  at  a solution 
which,  while  protecting  whatever  rights  the  iState  may  justly 
retain,  will  still  in  no  way  interfere  with  the  full  development  of 
manufacturing  enterprise  on  any  stream. 

During  the  last  ten  to  fifteen  years  the  electrical  trans- 
mission of  power  has  rendered  it  possible  to  utilize  power  from 
large  central  stations  distributed  to  relatively  remote  points. 
It  is  now  possible  to  use  mountain  powers  for  the  operation  of 
single  plants  often  many  miles  distant.  Electrical  transmis- 
sions of  from  forty  to  sixty  miles  are  no  longer  very  difficult, 
and  such  transmissions  have  been  made  in  the  west  for  from  one 
hundred  to  two  hundred  miles.  But  it  should  not  be  overlooked 
that  in  the  case  of  some  of  the  lines  there,  used  for  mining,  etc., 
it  has  been  a question  purely  of  electrical  transmission  or  no 
power — the  question  of  expense  has  not  entered  specially  into 
the  account.  The  more  advantageous  use  of  large  streams,  but 
under  conditions  which  present  many  difficulties  without  the 

^See  discussion  of  future  power  development  in  the  Adirondack  region 
on  page  555. 
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agency  of  tlie  electrical  current,  may  also  be  mentioned  as  a reason 
tor  the  increased  use  of  Avater])ower  recently  in  New  York  State. 
The  development  of  electric  poAver  transmission  at  Niagara  Falls 
has  been  the  largest  and  most  conspicuous  Avork  of  its  kind  done 
aiiA  Avhere. 

The  significanl  increase  in  the  use  of  AvaterpoAAer  in  NeAV 
York  State  is  also  accounted  for  by  the  groAvth  of  the  paper 
and  pu4»  business.  The  increase  here  is  directly  traceable  to  the 
great  expansion  in  the  development  of  the  manufacture  of  Avood- 
pulp.  This  business  dej)ends  entirely  u])on  Avaterj)OAver — so  far 
as  known,  Avood-])ulp  is  not  made  by  steam  power  anyAvhere. 
About  bo  horsej)OAver  }>er  ton  per  tAventy-four  hours  is  required, 
and  if  steampoAver  Avere  utilized,  it  Avould  immediately  make  pulp 
cost  at  least  double  its  ])resent  ])rice.  In  New  York  State  Avater- 
])OAver  Avas  used  in  ])a])er  and  pulpinills  in  1890  to  the  extent  of 
bo,0b2  hoi'sepoAver,  Avhile  in  1900,  191,117  horsepOAA'er  Avas  utilized. 
This  industry,  therefore,  accounts  for  120,065  horsepoAver  of  the 
increase  of  KU,001  horse])Ower  in  NeAV  York  from  1890  to  1900. 

In  ^fassachusetts  the  increase  of  28,0G1  horsepoAAXw  in  the  use  of 
Avaterj)ower  from  1890  to  1900  Avas  due  to  the  additional  use 
of  AvaterpoAA^er  in  the  ]>aper  and  cotton  industries.  In  1890 
29,118  Avater  horsepower  Avas  reported  in  ])apermills  and  44,9d5 
Avater  horsej)OAver  in  1900,  an  increase  of  15,787  Avater  horse- 
I)OAver.  In  cotton  mills  in  ^Massachusetts  AvaterpoAA^er  to  the 
extent  of  55,944  horsepOAV’er  Avas  in  use  in  1890,  and  G4,158  Avater 
horsepoAver  Avas  in  use  in  1900,  an  increase  of  8214  Avater  horse- 
])OAver.  These  Iaa'o  industries  account  for  24,000  of  the  total 
increase  of  28,061  water  horsepower. 

The  census  statistics  are  not  complete  as  to  the  water- 
poAver  in  either  Connecticut,  Massachusetts,  Khode  Island  or 
NeAV  York.  The  j)OAATr  furnished  from  electric  motors  is  reported 
separately  and  it  is  impossible  to  determine  Avhat  proportion  of 
it  is  made  by  steam  and  Avhat  by  Avater — for  the  AAdiole  United 
States  it  is  311,016  horsepoAver.  Probably  for  the  State  of  NeAV 
York  it  is  from  80,000  to  100,000  horsepoAAW,  making  the  total 
Avater  horse[)OAver  in  this  State  in  1904  in  reality  something  like 
450,000.  In  either  Connecticut,  Massachusetts  or  Ehode  Island, 
on  the  contrary,  electrical  deA^elopment  has  been  relatively  much 
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smaller  than  in  New  York — probably  for  these  three  States  it 
does  not  exceed  25,000  water  horsepower  in  all. 

Although  once  stated  in  a general  way,  it  may  be  again 
repeated  that  nearly  all  the  available  waterpower  was  developed 
relativeh'  earlier  in  the  States  of  Connecticut,  Massachusetts  and 
Rhode  Island  than  in  New  York. 

It  will  be  shown  in  detail  further  on  that  the  Adirondack 
region,  when  fully  utilized,  is  capable  of  developing  at  least 
800,000  water  horsepower,  although  the  present  use  on  the 
streams  issuing  from  this  region  is  not  more  than  about  one- 
quarter  of  this. 

Future  power  development  of  the  Adirondack  region.  A num- 
ber of  years  ago  the  State  entered  into  a policy  of  conserv- 
ing this  region  for  a State  park,  and  a notion  that  the  interests 
of  people  who  go  to  the  park  is  inimical  to  that  of  manu- 
facturing has  become  prevalent.  Here  are  located  the  best 
streams  of  the  State  of  New  York,  with  unparallelled  oppor- 
tunities for  storage.  Aside  from  a few  developments,  the 
region  is  as  yet  untouched.  This  extraordinary  fact  becomes 
specially  pertinent  when  we  consider  that  not  only  is  the  area 
of  the  Adirondack  region  larger  than  that  of  the  State  of  Massa- 
chusetts, but  that  the  quality  of  the  soil  and  the  climate  is  not 
very  different  therefrom.  Massachusetts  is  a rugged  region,, 
largely  underlaid  with  granitic  rocks^ — the  same  thing  is  true  of 
the  Adirondack  region.  Had  the  State  not  entered  into  a mis- 
taken commercial  policy  this  region  would  have  been  developed 
somewhat  the  same  as  Massachusetts  is,  and  the  population 
instead  of  being  from  90,000  to  100,000  would  have  been  perhaps 
1,500,000,  its  river  yalleys  would  be  dotted  with  thriving  manu- 
facturing villages  and  its  assessed  valuation  instead  of  being  per- 
haps 1100,000,000  would  have  been,  in  1900,  from  |1,000,000,000 
to  12,000,000,000. 

The  proviso  is  made  that  this  region  would  have  been  devel- 
oped somewhat  the  same  as  Massachusetts,  because  it  is  realized 
that  Massachusetts  possesses  some  advantages  which  the  Adiron- 
dack region  does  not  possess,  as  for  instance,  proximity  to  the 
ocean,  etc.  This  region  is,  however,  near  to  the  main  lines  of 
transportation  from  the  east  to  the  west,  and  can  therefore  receive 
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raw  material  at  low  cost.  This  fact,  in  conjunction  AAdtli  its 
abundant  and  cheap  Avaterpower,  must  ineAutablj  make  it  one  of 
the  ultimate  chief  manufacturing  districts  of  Ncav  York. 

The  real  value  of  the  Adirondaek  region.  In  regard  to  the 
Adirondack  region  as  a AA^hole  Ave  may  consider  that  the  climate 
is  mostly  too  se\^ere  for  the  ordinarj^  agriculture  of  the  loAvlands 
of  the  State  of  New  York.  During  several  years,  in  Avhich  the 
Avriter  AAms  more  or  less  in  the  northern  forests,  frosts  occurred 
there  each  season,  at  an  eleATition  of  about  1800  feet,  in  both  of 
the  months  of  June  and  August,  July  being  the  only  month 
entirely  free  from  frost.  Under  these  circumstances  it  is  impos- 
sible to  raise  corn,  Avheat  or  barley.  Oats,  potatoes  and  meadow 
grass  are  the  ordinary  agricultural  crops  raised,  and  even  these 
only  Avith  difficulty  because  of  the  ATist  areas  of  boulders  Avith 
Avhich  the  region  is  largely  coA^ered.  As  an  economic  proposition, 
therefore,  the  Adirondack  region  is  useful  for  but  three  purposes ; 

1)  for  cultivating  timber,  Avhich  can  be  easily  done  under  rational 
forestry  administration  Avithout  prejudice  to  the  other  interests; 

2)  for  Avater  storage,  Avhich,  because  of  the  numerous  natural 
reserA'oir  sites,  may  be  more  cheaply  carried  out  here  than  in  any 
other  locality  in  the  eastern  states;  and  3)  for  a great  State 
park,  Avhich  ultimately,  by  the  construction  of  good  Avagon  roads, 
may  be  made  an  easily  accessible  pleasure  resort  for  the  people 
of  the  State  of  New  York. 

Rather  singularly  the  great  mass  of  the  people  who  go  into  the 
Avoods  for  pleasure  regard  forestiy  and  water  storage  as  inimical 
to  their  interests.  They  assume,  indeed,  that  the  Great  Northern 
Forest  should  be  preserA^ed  as  a pleasure  resort  alone;  and  many 
Avitl)  Avhom  the  Avriter  has  coiiA^ersed  are  apparently  unable  to 
see  that  the  State  owes  any  duty  to  its  manufacturing  interests. 
This  position  of  the  Avoods-going  pleasure  seekers,  fishermen, 
hunters,  etc.  while  extremely  unsatisfactory,  has  still  a certain 
rational  basis  underlying  it  all.  It  is  due  very  largely  to  the 
indifference  of  the  lumbermen  in  former  years,  Avhen  many  acts 
of  A^andalism  Avere  laid  at  their  door,  though  to  some  extent 
unjusth^  At  the  present  time  a number  of  the  leading  lumber- 
men of  the  State  are  members  of  the  American  Forestry  Asso- 
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ciation  and  of  tlie  Society  for  the  Protection  of  the  Adirondacks, 
and  are  actually  interested  in  the  work  of  these  associations. 

People  owning  cottages  on  the  margins  of  natural  lakes  likely 
to  be  made  into  reservoirs  object  very  strongly  on  the  ground 
that  the  raising  of  the  water  will  be  prejudicial  to  health.  On 
this  point  the  writer  can  not  but  think  that  the  popular  opinion 
is  based  on  misinformation,  although  it  is  freely  admitted  that 
the  Adirondack  region  is  now  extremely  healthful  and  the  State 
ought  not  to  either  do  anything  itself,  nor  permit  anything  to  be 
done  which  would  deteriorate  it.  The  popular  view,  however, 
that  the  construction  of  reservoirs  must  necessarily  produce 
unhealthful  conditions  is  thus  far  not  sustained  by  any  consider- 
able amount  of  well-attested  facts.  The  writer  is  disposed  to  look 
upon  such  view  as  largely  a fad.  Indeed,  he  has  taken  special 
pains  to  study  the  question  both  in  this  country  and  abroad,  and 
has  thus  far  to  learn  of  a case  where  well-attested  facts  show  that 
any  considerable  amount  of  ill  health  has  been  caused  by  properly 
constructed  reservoirs. 

In  the  Adirondack  region,  where  at  the  heads  of  nearly  all  the 
lakes  there  are  now  extensive  marsh  areas,  the  conditions  will  be 
}iiaterially  improved  by  cutting  the  timber  and  covering  the  marsh 
areas  with  water,  the  more  especially  when  the  new  water  surface 
is  high  enough  to  cover  the  entire  marsh  area,  a condition  which  in 
the  majority  of  cases  may  be  easily  attained.  Moreover,  the  Adiron- 
dack lakes  and  ponds  have  at  their  sides  mostly  sand,  gravel, 
boulder  or  natural  rock  beaches,  on  which  the  annual  fluctuation 
can  have  absolutely  no  effect.  The  marsh  areas  are  usually  in  the 
continuation  of  the  valleys  at  the  heads  of  the  lakes.  As  just 
stated,  as  soon  as  we  attain  an  elevation  of  about  1800  feet,  July 
is  practically  the  only  month  without  frost;  but  the  reservoirs 
will  ordinarily  be  full  or  nearly  full  of  water  during  July.  It  is 
mostly  only  in  the  cooler  months  of  September  and  October  that 
the  conditions  of  runoff  are  such  as  to  require  their  being  greatly 
drawn  down.  There  seems  little  reason  to  doubt,  therefore,  but 
that  the  effect  of  constructing  the  reservoirs  will  be,  on  the  whole, 
to  increase  the  healthfulness  of  the  region  by  doing  away  with 
numerous  marsh  areas  which  are  now,  during  the  warm  weather, 
possibly  the  source  of  malarial  influences. 
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A strikiug  illustration  of  how  unreasonable  public  prejudice  in 
the  North  Woods  may  be  was  afforded  by  the  writer’s  experience 
at  Indian  lake  in  the  fall  of  1897.  At  that  time  investigations 
as  to  the  foundation  of  the  new  Indian  lake  dam  were  in  process, 
and  in  order  to  expedite  the  study  it  was  proposed  to  draw  the 
water  out  of  the  lake.  This  fact  becoming  known,  violent  pro- 
tests were  made  by  people  living  several  miles  away,  who 
urged  that  if  the  lake  were  drawn  down  there  was  certain  to  be 
serious  sickness,  diphtheria  among  other  diseases  being  men- 
tioned as  likely  to  occur.  Time  was  an  element  of  importance, 
and  inasmuch  as  it  would  require  at  least  ten  days  to  draw  the 
water  to  a level  low  enough  to  be  of  any  special  assistance  in  the 
study  in  hand,  it  was  finally  left  undrawn,  the  water  surface  of 
the  lake  remaining  during  the  whole  summer  and  fall  of  1897 
at  about  the  crest  of  the  original  timber  dam,  or  at  about  twelve 
feet  above  extreme  low  water.  In  spite,  however,  of  the  Avater 
not  being  drawn  there  was  a great  deal  of  sickness  in  the  vicinity 
of  Indian  lake  in  the  fall  of  1897,  diphtheria  especially  attacking 
a large  number  of  children.  Certainly  had  the  water  actually 
been  draAvn,  as  originally  proposed,  no  amount  of  argument  would 
have  availed  to  show  that  the  drawing  of  the  water  was  not 
responsible  for  the  disease. 

Power  development  at  Glens  Falls  and  vicinity.  The  truth  of 
the  general  proposition  may  be  sufficiently  appreciated  by  con- 
sidering the  development  onffhe  upper  Hudson  river  and  in  the 
immediate  vicinity  thereof. 

At  Glens  Falls  there  are  extensive  sawmills  turning  out  twenty 
milliom  feet  of  sawed  lumber  annually;  one  of  the  largest  paper- 
mills  in  the  country,  including  a pulpmill,  Avith  other  industries 
is  located  here.  There  are  also  lime-kilns,  producing  500,000 
barrels  of  lime  annually.  The  Glens  Falls  Portland  Cement 
Works  produce  1000  barrels  of  cement  a day.  In  addition,  there 
are  in  the  town,  shirt  and  collar  factories,  employing  about  2000 
people. 

At  Sandy  Hill  there  are  large  bag  and  paper  establishments, 
wall-paper  Avorks,  iron  and  brass  works,  friction-pulley  Avorks, 
Avorks  for  the  manufacture  of  machinery  of  many  kinds,  lumber 
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mills  and  yards,  producing  10,000,000  feet  of  sawed  lumber 
annually.  The  sulphite  mills  of  the  Union  Bag  and  Paper  Com- 
pany are  also  located  here. 

At  Fort  Edward  there  is  a papermill  larger  than  that  at  Glens 
Falls,  with  pulpmill,  sulphite  mill  and  chemical  works. 

At  Fort  Miller  there  are  pulp  and  papermills,  and  at  Schuyler- 
ville  there  are  wallpaper,  pulp  and  papermills,  and  also  cotton- 
mills. 

At  Mechanicville  the  great  papermill  of  the  Duncan  Company 
is  located.  The  Hudson  River  Power  Transmission  Company  is 
also  located  two  or  three  miles  below  this  place. 

At  Waterford  there  is  a large  knitting  industry,  and  at  Cohoes 
there  are  six  large  cotton  mills  and  about  forty  knitting  mills, 
one  of  which  is  stated  to  be  the  largest  of  its  kind  anywhere. 
There  are  also  large  rolling*  mills,  tube  works,  axe  factories, 
foundries,  machine  shops  and  various  other  establishments. 

Fifteen  miles  west,  on  the  south  bank  of  the  Mohawk,  is  the 
city  of  Schenectady,  with  a population  of  about  40,000.  Its 
manufacturing  establishments  include  shawls,  knit  goods,  loco- 
motives and  many  other  articles.  The  works  of  the  General 
Electric  Company  are  located  here,  covering  an  area  of  about  90 
acres.  This  is  the  largest  factory  for  electric  works  in  the  world. 
These  works  manufacture  electric  motors  and  machinery  of  every 
variety.  There  are  about  ten  thousand  people  employed,  with 
a weekly  payroll  of  |175,000. 

North  of  Schenectady  there  is  Ballston  Springs,  where  are 
located  a large  tannery,  bag,  pulp  and  paper  works,  axe  and  scythe 
factories,  etc. 

Five  miles  further  north  is  Saratoga  Springs,  which,  although 
nominally  a watering  place,  still  has  considerable  manufacturing. 

One  of  the  large  papermills  of  the  International  Paper  Com- 
pany is  located  at  Palmers  Falls,  while  one  of  the  George  West 
papermills  is  at  Hadley,  a few  miles  above. 

At  Warrensburg  there  is  a papermill,  woolen  factory  and  many 
other  industries. 

Troy,  Watervliet,  Lansingburg,  Waterford,  Cohoes  and  Schenec- 
. tady  constitute  perhaps  the  largest  manufacturing  center  in  the 
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State  of  Xew  York.  lu  1900  there  were  eight  hundred  and  forty 
industrial  establishments  in  Troy,  with  a capital  'of  over 
124,000,000.  The  chief  industries  of  Troy  are  men’s  furnisliing 
goods,  iron  and  steel,  foundry  and  machine  products,  liquors, 
hosiery  and  knit  goods,  paper  and  wood  pulp,  printing  and  pub- 
lishing newspapers  and  periodicals,  flouring  and  gristmill 
products,  etc. 

Statistical  comparisons 

Relation  of  'population  to  capital  invested  in  nianufacturing. 
Let  us  see  what  is  the  relation,  based  on  unit  area,  of  population 
to  capital  invested  in  manufacturing  in  Connecticut,  Massachu- 
setts, Rhode  Island  and  New  York. 

Percentage  increase  of  population.  The  following  tabulation 
shows  land  area  as  per  the  Twelfth  Census ; population  in  1900  and 
1890q  percentage  increase  from  1890  to  1900,  and  population  per 
square  mile  in  1900,  for  the  aforesaid  states: 


Name  of  State 

Land 
area  in 
square 
miles 

Population 
in  1900 

Population 
in  1890 

Percent- 

age 

increase 

Popula- 
tion per 
square 
mile  in 
1900 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Connecticut 

4, 845 

908, 420 

746, 258 

21.7% 

188 

Massachusetts 

8,040 

2, 805, 846 

2, 288, 948 

25.8% 

849 

Rhode  Island 

1,053 

428, 556 

845, 506 

24.0% 

407 

New  York 

47. 1320 

7,268,894 

5, 997, 858 

21.1% 

158 

The  following  tabulation  as  taken  from  the  Twelfth  Census 
shows  the  population  in  1900,  the  capital  invested  in  manufactur- 
ing, the  value  of  the  annual  manufactured  product,  the  assessed 
value  of  real  estate,  value  of  lands  and  buildings  used  in  manu- 
factures, the  percentage  which  the  value  of  the  lands  and  build- 
ings used  in  manufacture  is  of  the  total  assessed  value  of  real 
estate,  the  manufactured  product  per  capita,  and  the  real  estate 
per  capita,  for  the  states  of  Connecticut,  Massachusetts,  Rhode 
Island  and  New  York : 
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Name  of  State 

(1) 

Connecticut 

Massachusetts 

Rhode  Island 

New  York 

Name  of  State 

(1) 

Connecticut 

Massachusetts 

Rhode  Island 

New  York 
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The  preceding  tabulations  show  that  in  New  York  the  total 
capital  invested  in  manufacturing  in  1900  was  |1, 651, 210, 220, 
and  the  value  of  the  annual  manufactured  product  was  |2,175,- 
726,900. 

Tn  Connecticut  the  total  capital  invested  in  manufacturing  in 
1900  was  1314,696,736,  and  the  value  of  the  annual  manufactured 
product  was  |352,824,106.  If  Connecticut  had  the  same  area  as 
New  York,  with  proportionate  manufacturing,  the  value  of  the 
annual  manufactured  product  in  Connecticut  would  be  over 
13,500,000,000,  or  about  one  and  one  half  times  as  great  as  that 
of  New  York. 

In  Massachusetts  the  total  capital  invested  in  manufacturing 
in  1900  was  |823,264,287,  and  the  value  of  the  annual  manufac- 
tured product  was  |1,035,198,989.  If  Massachusetts  had  the 
same  area  as  New  York,  with  proportionate  manufacturing,  the 
value  of  the  annual  manufactured  product  in  Massachusetts 
would  be  over  |6,000,000,000,  or  roundly,  three  times  as  great  as 
that  of  New  York. 

In  Rhode  Island  the  total  capital  invested  in  manufacturing  in 
1900  was  fl83,784,587,  and  the  value  of  the  annual  manufactured 
product  was  |184,074,378.  If  Rhode  Island  had  the  same  area  as 
New  York,  with  proportionate  manufacturing,  the  value  of  the 
annual  manufactured  product  would  be  |7,362,975,120,  or  about 
three  and  one  half  times  as  great  as  that  of  New  York. 

As  to  why  this  is  so,  as  regards  the  State  of  Massachusetts 
the  census  report  furnishes  a decisive  answer,  in  the  following 
language: 

The  principal  advantage  which  the  State  of  Massachusetts 
possesses  is  its  water  power.  * * * The  power  of  the  Con- 

necticut river  at  Holyoke  and  at  Turners  Falls,  in  the  town  of 
Montague,  utilized  by  means  of  immense  dams  of  the  most  per- 
manent construction,  and  by  a system  of  canals,  affords  in  each 
place  a succession  of  mill  sites  along  the  entire  water  frontage. 
The  Deerfield,  Millers,  Chicopee  and  Westfield  rivers,  tributaries 
of  the  Connecticut,  are  all  noteworthy  power-producing  streams. 
At  Lowell  and  Lawrence,  upon  the  Merrimac,  the  possession  of 
similar  advantages  led  to  the  selection  of  these  places  for  the 
installation  of  the  factory  system  in  the  manufacture  of  textiles. 
At  Fall  River  the  power  furnished  from  Watuppa  pond  has  been 


HYDROLOGY  OF  NEW  YORK 


an  essential  element  in  the  development  of  that  cotton  manufac- 
turing' center;  while  upon  the  Blackstone  river,  and  many  lesser 
streams  throughout  the  State,  the  existence  of  sites  naturally 
adapted  to  the  erection  of  mills  was  influential  in  the  expansion 
of  the  woolen  and  cotton  industries  in  the  early  part  of  the  cen- 
tury, thus  laying  the  foundation  of  numerous  thriving  communi- 
ties. 

In  Massachusetts,  Connecticut  and  Rhode  Island  a liberal 
policy  towards  manufacturing  has  always  been  exercised.  There 
is  a system  of  reservoirs  practically  utilizing  the  water  power  of 
every  stream,  and  even  comparatively  small  brooks  are  in  many 
cases  fully  developed  and  are  the  source  of  wealth  to  the  citizens. 

There  is  another  significant  fact  to  be  mentioned  in  regard  to 
the  foregoing  tabulations.  In  Connecticut,  Massachusetts  and 
Rhode  Island  not  only  wais  the  annual  manufactured  product  per 
capita  greater  than  it  was  in  New  York  in  both  1900  and  1890,  but 
the  real  estate  per  capita  was  also  greater,  although  the  difference 
Avas  less  in  1900  than  in  1890. 

Relation  of  area  to  population.  A further  test  of  such  statis- 
tics is  as  to  the  effect  upon  population.  If  we  find  population 
proportionately  increased  in  Connecticut,  Massachusetts  and 
Rhode  Island,  we  may  assume  that  a chief  incentive  has  been 
the  rational  encouragement  of  manufacturing  through  the  opera- 
tion of  well-devised  mill  acts. 

According  to  the  tabulations  the  population  of  New  York  in 
1900  was  7,268,894;  of  Connecticut,  908,420;  of  Massachusetts, 
2,805,346,  and  of  Rhode  Island,  428,556.  Assuming  that  Con- 
necticut had  the  same  area  as  New  Y^ork,  with  a population  propor- 
tionate to  its  present  population,  Ave  AA^ould  find  a total  population 
for  Connecticut  of  9,084,200;  in  Massachusetts,  the  actual  popu- 
lation in  1900  was  2,805,346,  but  with  the  area  of  New  York,  the 
proportionate  population  would  be  16,856,000;  the  population  of 
Rhode  Island  is  for  an  area  of  a little  over  1053  square  miles, 
428,556;  with  an  area  forty-five  times  as  great — the  equivalent  of 
the  area  of  New  Y"ork — the  population  of  Rhode  Island  would  be 
19,285,000.  We  reach,  therefore,  the  conclusion  that  in  Con- 
necticut, Massachusetts  and  Rhode  Island,  on  an  actual  area  of 
a little  less  than  14,000  square  miles,  with  a present  population 
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of  about  ^.150,000,  if  we  take  the  area  proportionate  to  that  of 
Xew  York,  Avith  the  population  proportionate  to  that  of  the  States 
themselyes,  there  would  haA^e  been  in  these  States  in  1900  over 
40,000,000  persons.  Undoubtedly  these  figures  would  be  modi- 
fied on  as  large  an  area  as  XeAA^  Y^ork,  but  Ave  should  neverthe- 
less expect  a considerably  larger  population  in  Yew  Y"ork  than 
actually  exists. 

RcJation  of  values  of  agricultural  products  to  waterpower 
values.  We  may  now  consider  the  relation  of  values  of  agricul- 
tural products  to  AvaterpoAver  values.  The  folloAving  tabulation 
from  the  TAvelfth  Census  may  be  taken  to  show  that  in  Masisachu- 
setts  and  Rhode  Island  the  value  of  farms  has  increased  in  some 
j)roportion  to  the  development  of  AvaterpoAver.  The  reason  for  this 
may  be  found  in  considering  that  in  a manufacturing  community 
the  demand  is  for  the  products  of  gardens  rather  than  for  grain, 
hay,  etc. 
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AVe  also  note  that  the  average  value  of  farms  in  Massachu- 
setts is  |4843  and  in  lihode  Island,  |4909,  while  in  New  York  it 
is  14718. 

Again,  the  total  acreage  of  the  State  of  Connecticut  is  3,100,- 
800,  while  the  acreage  of  improved  farms  in  that  State  is  1,064,- 
7)25.  The  improved  farms  are  therefore  about  34  per  cent  of  the 
total  area  of  the  State. 

In  Massachusetts  the  total  acreage  is  5, 145, GOO,  while  the  acre- 
age of  improved  farms  is  1,292,132,  or  the  acreage  of  improved 
farms  is  only  about  25  per  cent  of  the  total  area  of  the  State. 

In  Rhode  Island  the  total  acreage  of  the  State  is  073,920,  while 
the  acreage  of  improved  farms  is  187,354,  or  the  acreage  of  im- 
proved farms  is  about  28  per  cent  of  the  total  area  of  the  State. 

In  New  York  the  total  acreage  based  on  area  of  the  State  is 
30,470,800,  while  the  acreage  of  improved  farms  is  15,599,980,  or 
the  acreage  of  improved  farms  is  about  51  per  cent  of  the  total 
area  of  the  State.  These  statistics  show  that  in  Connecticut, 
Massachusetts  and  Rhode  Island  there  is  very  much  more  waste 
land  than  there  is  in  New  York.  They  also  show  that  the  aver- 
age farm  in  Massachusetts  and  Rhode  Island  is  more  valuable 
than  it  is  in  New  York. 

There  is  another  interesting  fact  brought  out  by  the  foregoing 
tabulation.  The  total  value  of  farm  products  in  Massachusetts 
in  the  census  year  of  1900  was  |42,298,274,  and  in  New  York 

1245.270.600.  Since  the  area  of  New  York  is  about  six  times  as 
great  as  that  of  Massachusetts,  it  follows  that  on  25  per  cent  of 
the  total  area  of  Massachusetts  relatively  as  much  agricultural 
value  is  produced  as  on  50  per  cent  of  the  area  of  New  York.  If, 
therefore,  about  50  per  cent  of  the  area  of  Massachusetts  was 
improved  farms,  the  value  of  the  agricultural  products,  computed 
on  actual  area,  would  be  twice  as  much  as  in  New  York. 

The  total  value  of  farm  products  in  New  York  in  1900  was 

1245.270.600,  of  which  we  may  assume  7 per  cent  as  profit; 
whence  the  total  annual  profit  becomes  |17, 160,000. 

In  the  report  on  a water  supply  from  the  Adirondacks,  made 
to  the  Merchants’  Association  of  New  York  city,  in  1900,  it  is 
shown  that  on  Hudson  river  the  net  annual  profit  on  each  net 
horsepower  is  |16.20.  There  is  a possibility  of  a total  of  1,500,000 
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gross  horsepower  being  developed  in  this  State,  on  which  the 
net  annual  profit  per  gross  horsepower  would  be,  roundly,  |12.  The 
establishments  on  the  Hudson  river  are  mostly  papermills,  and 
without  doubt  in  miscellaneous  manufacturing  the  profit  would 
be  from  three  to  five  times  as  great  as  this,  but  we  will  assume  it 
all  over  the  State,  for  the  purpose  of  the  argument,  at  |12  per 
horsepovrer.  At  this  rate  1,500,000  horsepower  wmuld  pay  an 
annual  profit  of  |18, 000,000,  and  represent  at  4 per  cent  a capi- 
talized investment  of  |450,000,000.  Waterpower  therefore  may 
be  easily  made  equal  to  agriculture,  the  net  annual  profits  of  these 
two  industries  being  very  nearly  the  same. 

The  proper  remedy.  There  are  a number  of  remedies  which 
may  be  applied,  but  first  of  all  we  need  a comprehensive  act  in 
tliis  State  which  shall  permit  of  developing  water  storage  to  its 
full  capacity  without  any  further  grant  of  powers  from  the  legis- 
lature than  those  granted  in  the  general  act.  As  to  the  form  of 
such  an  act  the  writer  is  not  specially  insistent,  although  he  may 
point  out  that  the  mill  act  of  Massachusetts,  by  reason  of  long 
and  successful  application,  is  an  excellent  model.  A copy  of  this 
act  may  be  found  in  Angell  on  Watercourses.  It  is  possible,  how- 
ever, that  a mill  act  on  the  Massachusettis  lines  may  not  be  in 
accord  with  the  trend  of  legislation  in  this  State. 

There  should  be  a permanent  State  commission  specially 
charged  with  the  control  of  the  rivers.  To  this  commission 
should  be  submitted  everything  relating  to  the  rivers  of  the  State. 
It  should  be  given  broad  powers  as  regards  the  carrying  out  of 
projects  for  improvement,  for  preventing  floods  or  for  other  pur- 
poses. Water-storage  projects  should  be  submitted  to  it  for  de- 
cision. The  commission  should  have  funds  enough  at  its  command 
to  enable  all  necessary  investigations  to  be  made. 

The  act  authorizing  this  commission  may  be  considered  as 
applying  to  large  water-storage  projects  where  the  interests  of 
extended  conimunities  are  to  be  unified.  For  smaller  manufactur- 
ing projects  there  should  also  be  a mill  act  permitting  lands  to 
be  flowed  after  due  process  of  law  and  just  compensation  with- 
out any  further  appeal  to  the  legislature.  The  encouragement  of 
manufacturing  would  then  become  the  commercial  policy  of  the 
State  instead  of  as  at  present,  by  restrictive  and  contradictory 
laws  tending  to  discourage  it. 
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As  to  the  drainage  of  swamps  and  lowlands  where  an  improve- 
ment in  the  public  health  inau  be  reasonably  expected,  the  State 
should  pay  a portion  of  the  cost.  On  rivers  like  the  Hudson  and 
Mohawk,  where  the  State  assumes  to  absolutely  control  the  waters 
without  regard  to  the  rights  or  wishes  of  the  riparian  proprie- 
tors, the  State  should  in  consideration  of  such  control  make  all 
necessary  improvements  at  its  own  expense.  On  the  rivers  of  the 
balance  of  the  State,  where  a different  rule  prevails,  the  State  may 
in  consideration  of  the  abatement  of  floods  and  improvement  of 
the  public  health  pay  a ])ortion  of  the  cost. 

Constitutional  amendment.  One  difficulty  in  New  York  is  such 
defects  in  the  constitution  as  prevent  thorough  development  of 
the  natural  resources  of  the  State  by  means  of  works  serving  to 
control  water.  This  fact  is  the  more  extraordinary  because  a 
number  of  western  States  have  embodied  in  their  constitutions 
articles  empowering  the  legislatures  to  apply  a taking  by  right 
of  eminent  domain  upon  payment  of  just  compensation  for  the 
necessary  purposes  of  retaining,  excluding  or  conveying  water. 
The  contradictory  laws  of  New  York  may  be  sufficiently  illus- 
trated by  stating  that  it  was  discovered  a few  years  ago  that 
under  the  amended  charter  of  New  York  city  the  city  had  no  right 
to  secure  an  adequate  water  supply.  The  result  of  this  was  to 
throw  the  furnishing  of  water  into  the  hands  of  a private  company. 

Constitutional  precedents  for  an  act  of  the  kind  here  proposed 
have  been  enacted  in  Missouri,  Colorado,  Illinois,  California, 
Idaho,  Montana,  Washington  and  Wyoming.  In  Wyoming  the 
provision  reads  as  follows : 

Private  property  sliall  not  be  taken  for  private  use  unless  by 
consent  of  the  owner,  excej)t  for  private  Avays  of  necessity,  and 
for  reservoirs,  drains,  ffumes  or  ditches  on  or  across  the  lands  of 
another  for  agricultural,  mining,  milling,  domestic  or  sanitary 
l)urposes,  nor  in  any  case  Avithout  due  compensation. 

In  Ncav  York  the  laAV  on  the  subject  of  mill  and  floAvage  acts  is, 
as  already  shown,  in  an  unsettled  state,  and  a constitutional 
amendment  enabling  proper  legislation  to  be  enacted  is  needed 
in  order  to  develop  hydraulic  AAWkis  as  Avell  as  other  natural  re- 
sources of  the  State. 

It  has  been  said  that  it  is  no  more  justifiable  to  take  property 
for  mills  on  the  ground  that  their  business  is  beneficial  to  the 


HYDROLOGY  OF  NP]W  YORK 


5G9 


public  than  to  take  it  for  groceries  or  hotels,  but  the  capacity  to 
have  groceries  or  hotels  in  many  communities  would  have  to  be 
dependent  on  the  exercise  of  the  power  of  condemnation  to  make 
the  cases  parallel.^ 

In  1894  Clemens  Herschel  proposed  the  following  amendment 
to  the  constitution  of  the  State  of  New  York.  With  the  amend- 
ment made,  section  7 would  read  as  follows : 

Compiensation  for  property  taken.  When  private  property 
shall  be  taken  for  any  public  use,  the  compensation  to  be  made 
therefor,  when  such  compensation  is  not  made  by  the  State,  shall 
be  ascertained  by  a jury,  or  by  not  less  than  three  commissioners 
appointed  by  a court  of  record,  as  shall  be  prescribed  by  law. 
The  necessary  use  of  lands  for  the  construction  and  operation  of 
tvorks  serving  to  retain,  exclude  or  convey  water  for  agricultural, 
mining,  milling,  domestic  or  sanitary  purposes  is  lierehy  declared 
to  he  a puhlic  use.  Private  roads  may  be  opened  in  a manner  to 
be  prescrdbed  by  law ; but  in  every  case  the  necessity  of  the  road, 
and  the  amount  of  all  damage  to  be  sustained  by  the  opening 
thereof,  shall  be  first  determined  by  a jury  of  freeholders,  and 
such  amount,  together  with  the  expenses  of  the  proceedings,  shall 
be  paid  by  the  person  to  be  benefited. 

Unfortunately,  owing  to  the  prevalence  of  a too  conservative 
spirit,  as  well  as  a lack  of  appreciation  of  the  benefits  to  follow, 
this  amendment  did  not  pass,  although  the  eight  States  previously 
cited  have  similar  provisions,  as  well  as  most  of  the  countries  on 
the  continent  of  Europe. 

The  same  year  the  writer  was  a member  of  a committee  of  the 
Rochester  Chamber  of  Commerce  appointed  to  consider  some  of 
the  phases  of  this  amendment  as  introduced  by  Nathaniel  Foote, 
delegate  to  the  Constitutional  Convention  from  Rochester.  The 
writer  set  forth  the  value  of  such  an  amendment,  but  the  commit- 
tee considered  that  the  Rochester  Chamber  of  Commerce  ought  not 
to  advocate  the  amendment  because  it  was  at  that  time  endeavor- 
ing to  secure  the  passage  of  an  act  whereby  Genesee  river  storage 
would  be  constructed  by  the  State.  To  this  it  was  said  that  there 
was  no  probability  of  the  State  ever  building  Genesee  river 
storage,  but  a too  conservative  spirit  prevailed,  and  the  sense  of 
the  committee  was  that  such  amendment  ought  not  to  pass. 

iFrom  circular  letter  addressed  by  Clemens  Herschel  to  the  delegates 
to  the  Constitutional  Convention  of  1894. 
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Waterpoiccr  hy  industries  in  1900.  The  following  tabulation, 
from  the  Twelfth  Census,  shows  the  number  of  water  wheels  and 
the  }!Ower  developed  in  Xew  York  in  1900  : 


Agricultural  implements 

Boots  and  shoes 

Boxes 

Brick  and  tile 

Carriages  and  wagons.  . . 

Cheese,  etc 

Chemicals 

Cotton  goods 

Dveing,  etc 

Electrical  apparatus  . . . . 

Flouring  mills,  etc 

Foundry  . . . . 

Furnitim* 

Hosiery 

Ice  

Iron  and  steel 

Leather  

Lime  and  cement 

5Ialt  liquors ! 

Lumber  

Blaning  mills,  etc 

Marble  and  stone 

Paper  and  pulp 

Printing 

Silk  

Woolen 

t\'orsteds 


Number 

of 

wheels 

Net 

horse- 

power 

34 

1,691 

8 

590 

33 

920 

1 

50 

31 

1,002 

35 

709 

24 

114 

45 

8,524 

6 

440 

2 

48 

2,131 

58,384 

136 

6,273 

56 

1,834 

95 

7,069 

1 

25 

8 

1,150 

42 

1,258 

38 

827 

3 

95 

1.201 

44,324 

86 

2,803 

2 

75 

1,021 

191,117 

61 

406 

15 

852 

71 

4,101 

14 

3,310 

5,200  337,991 


Other  uses ; . . . . 30,465 

368,456 

Estimated  electric  motors  from  water  power 81,544 

Total  in  State 450,000 
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111  the  preceding  statement  we  see  that  there  is  horse- 

power developed  on  5200  wheels,  whence  the  average  jjowei*  per 
wheel  is  05  horsepower.  There  are  also  other  uses  to  the 
amount  of  30,405  horsepower  which,  however,  are  not  speciticallv 
enumerated.  The  total  quantity  for  the  State,  including  electri- 
cal power,  of  which  water  power  is  the  primary  source,  is  taken 
ut  450,000  horsepower.  The  census  figures,  however,  only  show 
a total  of  308,450  horsepower,  and  the  electrical  power  actually 
in  use  in  1900  is  estimated  at  81,544  horsepower.  The  state- 
ments of  the  several  companies  furnishing  electrical  horsepower 
would  aggregate  more  than  this,  but  probably  81,544  horse- 
power is  a conservative  estimate.  Statements  as  to  the  sub- 
division of  this  power  among  the  various  industries  can  not  be 
made. 

AVATER  STORAGE  PROJECTS. 

In  the  last  ten  years  a number  of  large  projects  for  storing 
Avater  for  poAver  and  other  pur|)oses  have  been  proposed  in  the 
State  of  New  York.  There  are  several  of  these  of  special  im- 
portance with  which  the  writer  has  been  concerned,  as  on  Gen- 
esee river,  Salmon  river.  Black  river,  Hudson  river,  Schroon 
river,  etc.  There  are  also  a number  of  projects  of  considerable 
iin])ortance  which  have  been  developed  by  others,  and  of  Avhich  a 
brief  descri})tion  Avill  be  given  here. 

On  Genesee  river  an  extensive  develoxmient  of  water  power  has 
led  to  a demand  for  storage  reservoirs  on  that  stream.  The 
State  surA^eys  indicated  that  a reservoir  of  15,000,000,000  cubic 
feet  capacity  could  have  been  constructed  in  1890  at  a cost  of 
$2,600,000,  or  at  the  rate  of  about  |173  per  million  cubic  feet 
of  water  stored.  In  1904,  due  to  change  in  labor  conditions  and 
the  considerable  advance  in  prices  generally,  this  reservoir  would 
cost  about  25  per  cent  more,  or  $3,250,000. 

Chapter  005  of  the  laws  of  1898  authorized  a private  company 
to  construct  this  reservoir.  The  project  has  not  thus  far  been 
carried  out. 

The  develo])ed  Avater])Ower  on  the  Genesee  river  has  increased 
from  a little  over  0000  net  horsepower  in  1882  to  about  20,000 
net  horsepoAver  in  1904. 

In  1898  and  1899  there  Avas  Avorked  up  for  the  Board  of  Engi- 
neers on  Deep  Waterways  a reservoir  project  on  Salmon  riA'er, 
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where  it  is  feasible  to  develop  a reservoir  with  capacity  of 
7,000,000,000  cubic  feet.  The  object  of  this  reservoir  was  to 
provide  storage  within  reasonable  distance  of  the  main  deep 
waterway,  so  that  in  case  of  temporary  stoppage  of  the  main 
feeder  to  the  north,  water  could  still  be  supplied  to  the  canal. 
The  hight  of  the  main  dam  on  Salmon  river  Avas  about  56  feet. 
In  addition  to  this  there  were  three  dykes,  cutting  off  lateral 
A'alleys  at  different  points  of  the  reservoir. 

On  Black  river  also  a reservoir  Avas  surveyed  for  the  Board  of 
Engineers  on  Deep  Waterways  for  a main  water  supply  for  the 
proposed  canal.  When  constructed  this  reservoir  Avill  be  the 
largest  in  the  State.  The  water  surface  at  Oarthage  will  be 
raised  48.5  feet  and  an  area  flooded  at  extreme  high  water  of 
nearly  78  square  miles,  or  roundly  50,000  acres.  The  cubic  con- 
tent of  the  reservoir  at  high  w^ater  will  be  nearly  70,000,000,000 
cubic  feet,  and  at  spillway  crest  over  57,000,000,000  cubic  feet. 
The  area  flooded  at  spillway  crest  will  be  73.2  square  miles  and 
13.6  inches  stored  on  the  tributary  catchment  of  1812  square 
miles. 

Extended  studies  were  also  made  in  1895-96  of  the  possibility 
of  Avater  storage  on  the  Hudson  river,  where  the  AvaterpoAver  has 
increased  from  less  than  13,000  horsepower  in  1882  to  something 
like  50,000  horsepower  at  the  beginning  of  1898  and  to  about 
80,000  horsepower  in  1904.  The  Legislature  failed  to  make  an 
appropriation  in  1897  and  these  studies  have  never  been  com- 
pleted, although  considerable  addition  to  the  information  has 
been  made  since  that  time.  The  studies  so  far  as  carried  show 
1liat  it  is  possible  to  create  on  the  Hudson  river  a continuous  per- 
manent power  of  about  175,000  horsepower,  and  undoubtedly 
when  the  studies  are  completed  it  will  appear  that  considerably 
more  than  this  can  be  developed  at  a cost  which  will  be  com- 
mercially feasible.  Probably  at  least  210,000  horsepower  can 
be  commercially  developed. 

In  1900,  in  a report  to  the  Merchants’  Association  of  New 
York,  a large  reservoir  on  Schroon  river,  with  capacity  of  21,662,- 
000,000  cubic  feet,  was  proposed.  This  reservoir  had  been  form- 
erly proposed  as  the  Tumblehead  reservoir  of  the  Hudson  sys- 
tem, but  the  original  proposition  was  to  make  it  of  a storage 
capacity  of  16,246,000,000  cubic  feet. 
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A large  reservoir  on  the  Wallkill  river  was  also  proposed  in 
1900  for  the  water  supply  of  New  York  city.  The  detail  of  this 
reservoir  may  be  found  in  the  Report  to  the  Merchants’  Associa- 
tion on  the  Water  Supply  of  the  City  of  New  Y^ork,  by  Jas.  H. 
Fuertes.  The  Wallkill  reservoir  is  also  described  in  a report  by 
John  R.  Freeman,  made  in  1900.  The  available  capacity  of  tl\e 
Wallkill  reservoir  was  about  22,000,000,000  cubic  feet. 

The  considerable  storage  projects  in  the  Croton  valley  for  the 
water  supply  of  New  York  city  will  also  be  briefly  considered. 

Reservoirs  have  also  been  proposed  on  Esopus,  Schoharie, 
Catskill,  Fishkill,  Wappingers  creek,  Roeliff  Jansen  kill,  etc.  for 
the  water  supply  of  the  City  of  New  York,  which  Avill  be  discussed 
somewhat  in  detail,  not  only  because  of  their  great  size,  but 
because  they  embody  interesting  features  in  reservoir  construc- 
tion. 

The  power  developments  on  Niagara  river  at  Niagara  Falls,  on 
St  Lawrence  river  at  Massena,  on  West  Canada  creek  at  Trenton 
Falls,  on  Raquette  river  at  Hannawa  Falls,  and  at  several  other 
places  in  New  Y^ork  are  among  the  most  significant  industrial 
movements  now  taking  place  in  the  United  States.  The  future 
power  of  these  several  streams  may  be  placed  at  nearly  1,000,000 
horsepower. 

There  are  a number  of  other  interesting  developments  through- 
out the  State,  but  the  foregoing  are  the  more  important. 

Storage  Reservoir  on  Genesee  River 

The  following  statements  in  regard  to  the  Genesee  river  storage 
reservoir  are  partially  condensed  from  the  detailed  reports  in 
the  Annual  Report  of  the  State  Engineer  and  Surveyor.  The 
portions  not  taken  therefrom  are  from  original  manuscript  thus 
far  unpublished. 

A general  description  of  this  river  has  been  given  on  page  210; 
its  discharge  measurements  have  been  discussed  on  page  331; 
its  flood-flows  on  page  441;  and  reference  has  been  made  on 
page  494  to  the  low-Avater  flow,  indicating  that  during  the  sum- 
mer the  available  supply  is  small.  Notwithstanding  this,  develop- 
ment of  Avater  power  has  proceeded  rapidly.  As  shown  by  the 
reports  on  Water  Power  of  the  United  States  in  the  Tenth  Census 
(1880),  the  total  water  power  on  Genesee  river  from  Rochester 
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to  Portage  in  1882  was  0882  net  horsepower.  An  examination  of 
the  amount  in  use  on  the  same  reach  of  river  in  1890  showed  that 
the  total  based  on  manufacturers’  rating  of  wheels,  was  19,178 
net  horsepower,  or  based  on  the  manufacturers’  statements  of  the 
<iuantity  of  water  required  to  operate  the  wheels,  and  allowing 
75  per  cent  efficiency  of  the  water,  the  total  power  developed  by 
the  wheels  in  place  in  1890  is  found  to  have  been  17,218  net 
horsepower,  or  about  three  times  that  in  1882.  In  1901  this  has 
increased  to  about  20,000  net  horsepower,  and  at  the  same  time 
the  steam  power  in  use  at  Pochester  has  increased  several  thou- 
sand horsepower.  In  comparison  with  these  statements  it  should 
be  noted  that  for  several  months  during  the  summer  and  fall  of 
1895  the  total  j)ower  did  not  exceed  1000  to  5000  horsepower.  The 
same  condition  has  existed  during  the  dry  period  of  a number 
of  years  ])revious,  but  not  so  seriously  as  in  the  fall  of  1895.  In 
1899  the  riveir  was  lower  than  in  1895.^ 

PrcJiminanj  itf  ccstii/afions.  Tlie  increased  demand  for  power, 
as  well  as  the  serious  summer  droughts,  led  to  the  formulation 
of  a project  for  constructing  a storage  reservoir  at  some  point 
on  the  headwaters  of  Genesee  river  for  assisting  the  summer  flow. 
The  first  project  included  the  development  of  the  basin  of  Honeoye 
lake  to  its  full  ca]>acity,  surveys  having  been  made  for  that  pur- 
pose in  1887  and  1888.  It  appeared,  however,  that  the  yield  of 
this  catchment  area,  which  is  only  about  43.5  square  miles,  was 
hardly  adequate  for  the  results  desired,  the  estimate  showing  that 
even  when  developed  to  its  full  capacity  it  could  not  be  depended 
on  to  furnish,  in  a dry  year,  more  than  75  cubic  feet  per  second, 
while  the  exigencies  of  the  case  demanded  at  least  several  hun- 
dred cubic  feet  per  second.  This  project  of  building  a large  stor- 
age’ reservoir  on  the  ui)])er  Genesee  river  was  tlien  formulated  by 
the  Kochester  Chamber  of  Commerce. 

In  the  meantime  a number  of  breaks  on  the  long  level  of  the 
Erie  canal,  which  extends  from  the  foot  of  the  locks  at  Lockport 
to  the  eastern  part  of  the  city  of  Rochester,  a distance  of  about 
02.5  miles,  had  emphasized  the  importance  of  the  State’s  providing 
additional  Avater  for  feeding  the  canal  east  of  Rochester.  For 
this  purpose  the  construction  of  a large  storage  reservoir  was 

’^The  statements  of  low  AvaterpoAver  are  however  kept  on  the  original 
statement  of  G727  gross  horsepower.  AVith  7r>  i)er  cent  efficiencA",  tliis  is 
net  horsepoAA’’er. 
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advocated  by  the  Ilocliester  Chamber  of  Commerce  as  a State 
work,  with  the  result  that  under  a resolution  of  the  Senate  dated 
:\Iarch  21,  1889,  the  State  Engineer  and  Surveyor  Avas  directed 
to  make  a general  investigation  in  regard  to  the  possibility  of 
storing  Avater  on  the  upper  Genesee.  The  report  .made  under  the 
iuithority  of  this  resolution  appears  in  the  Annual  Report  of  the 
State  Engineer  and  Surveyor  for  the  year  1890.  In  1892,  under 
authority  of  a concurrent  resolution  dated  March  15  of  that  year, 
Governor  FloAver  appointed  a commission  consisting  of  EA^an 
Thomas,  Judge  Charles  McLouth,  and  John  Bogart  to  investigate 
and  report  on  the  Avhole  question  of  storage  on  the  upper  Genesee. 
This  commission  examined  the  site  of  the  proposed  reservoir  and 
reported  that  it  Avas  entirely  feasible  to  construct  a large  reser- 
A’oir  on  the  upper  Genesee  riA^er,  the  site  especially  considered  by 
the  commission  being  in  the  Genesee  canyon  or  gorge,  a short 
distance  above  Mount  Morris. 

As  the  result  of  the  recommendations  of  this  commission,  the 
sum  of  |10,000  Avas  appropriated  at  the  legislative  session  of  189J 
for  the  purpose  of  studying  in  detail  the  several  proposed  sites 
for  dams  in  the  canyon  of  Genesee  river,  above  Mount  Morris.  At 
that  time  the  Avork  Avas  placed  in  charge  of  the  Avriter.^ 

At  the  legislative  session  of  1894  a bill  to  construct  a dam 
in  the  canyon  a short  distance  above  Mount  Morris  passed  the 
Senate,  but  failed  in  the  Assembly.  At  the  session  of  1895  ,a  sim- 
ilar bill  passed  the  Senate  and  Assembl^q  but  AA^as  vetoed  by 
Governor  Morton,  largely  on  the  ground  that  the  bill  as  passed 
made  no  provision  for  the  OAvners  of  the  Avater  poAA^er  and  other 
interested  parties  bearing  any  portion  of  the  expense.  In  his 
veto  Governor  Morton  expressed  the  belief  that  if  the  State  should 
determine  to  build  a dam  on  Genesee  riA^er  some  provision  should 
be  made  by  Avhich  the  city  of  Rochester — and  possibly  other  locali- 
ties interested  in  the  Avork — might  contribute  to  the  expense  of 
construction.  GoA^ernor  Morton  also  pointed  out  that  if  the  pro- 
posed canal  enlargement  be  approved  by  the  people  public  senti- 
ment might  justify  the  construction  of  a storage  dam  on  Genesee 
river  for  canal  purposes.  On  the  other  hand,  if  the  proposition 
to  deepen  the  canal  should  not  be  approA^ed  the  question  Avould 

^The  result  of  the  studies  in  1893  may  be  found  in  the  Annual  Reports  of 
the  State  Engineer  and  Surveyor  for  the  fiscal  years  ending  September  30, 
1893  and  1894. 
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still  remain  whether  such  a dam  might  not  he  desirable  for  the 
pui^ose  of  regulating  the  river  and  increasing  the  water  power 
thereon. 

In  order  to  complete  the  preliminary  investigations  relative  to 
the  proposed  Genesee  storage,  Governor  Morton,  in  1896,  approved 
an  additional  appropriation,  which  was  expended  during  the 
summer  of  that  year  in  completing  further  surveys.  To  the 
present  time  the  State  has  expended!  on  preliminary  investiga- 
tion of  the  Genesee  storage  project  the  following  amounts:  In 
1890,  13000;  in  1892,  |7000;  in  1893,  |10,000;  in  1896,  |10,000; 
in  all,  130,000.  As  a result  of  this  expenditure  complete  plans 
and  specifications  have  been  prepared  as  shown  in  the  Annual 
Report  of  the  State  Engineer  and  Surveyor  for  1896.^ 

Interests  to  be  served.  Tlie  following  are  tlie  interests  to  be 
served  by  the  construction  of  these  extensive  storage  works  on 
Genesee  river : 

1)  The  flow  of  the  river  would  be  regulated,  thus  effectually 
preventing  in  the  future  the  devastating  floods  which  occurred  in 
1815, 1835, 1857, 1865, 1889, 1893, 1894,  1896  and  1902.  The  floods 

iBy  way  of  presenting  a full  list  of  the  work  on  the  Genesee  storage, 
reference  may  be  made  to  the  special  report  of  John  Bogart,  State  Engineer 
and  Surveyor  in  Appendix  F of  the  Annual  Report  of  the  State  Engineer 
and  Surveyor  for  the  fiscal  year  ending  September  30,  1890.  The  reports 
of  Messrs  Bailey  and  Kibbie,  assistant  engineers  to  Mr  Bogart,  are  covered 
by  the  same  reference.  The  report  of  Martin  Schenck,  State  Engineer  and 
Surveyor,  may  be  found  at  page  44  of  the  Annual  Report  of  the  State 
Engineer  and  Surveyor  for  the  fiscal  year  ending  September  30,  1893.  The 
report  of  E.  Sweet,  ex- State  Engineer  and  Surveyor,  as  consulting  engineer, 
may  be  found  in  Appendix  H of  the  Annual  Report  of  the  State  Engineer 
and  Surveyor  for  the  fiscal  year  ending  September  30,  1893.  The  report 
of  the  commissioners  appointed  in  1892  by  Governor  Flower  may  be  found 
in  Senate  Doc.  No.  23,  1893.  The  first  report  of  the  writer  may  be  found 
in  Appendix  G of  the  Annual  Report  of  the  State  Engineer  and  Surveyor 
for  the  fiscal  year  ending  September  30,  1893.  The  second  report  may  be 
found  in  Appendix  E of  the  Annual  Report  of  the  State  Engineer  and 
Surveyor  for  the  fiscal  year  ending  September  30,  1894.  The  work  done  in 
1896  is  described  at  length  in  the  Annual  Report  of  the  State  Engineer 
and  Surveyor  for  the  fiscal  year  ending  September  30,  1896.  See  also  a 
paper  by  the  writer,  Genesee  River  Storage  and  its  Relations  to  the 
Erie  Canal  and  the  Manufacturing  Interests  of  Western  New  York,  pre- 
pared for  the  Rochester  Chamber  of  Commerce.  This  paper  contains  a 
large  amount  of  historical  information  not  given  in  the  official  reports. 
Governor  Morton’s  veto  may  be  found  in  the  Governor’s  State  Papers  for 
1895. 
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in  the  years  just  enumerated  were  specially  severe,  but  floods  not 
so  severe,  yet  doing  considerable  damage,  have  occurred  in  several 
of  the  intervening  years. 

2)  Water  would  be  supplied  for  the  enlarged  Erie  canal. 
According  to  Mr  Bogart’s  report  of  1890,  there  should  have  been 
provided  a storage  on  Genesee  river  of  1,500,000,000  cubic  feet 
for  the  purpose  of  supplying  Erie  canal  as  it  existed  at  that  date. 

3)  The  agricultural  production  of  the  broad  level  area  in- 
cluded in  the  Genesee  valley  between  Rochester,  Mount  Morris  and 
Dansville,  estimated  at  from  60  to  80  square  miles,  might  be 
greatly  increased  by  moderate  irrigation  if  the  flood  contingency 
was  removed  and  the  proper  irrigation  channels  were  constructed. 

4)  Considerable  sanitary  benefit  would  result  from  the  increased 
flow  during  the  low-water  period  through  the  proposed  regu- 
lation. The  entire  sewage  at  Rochester,  a city  of  175,000 
inhabitants,  now  passes  into  Genesee  river.  The  channel  of  this 
stream,  beween  the  foot  of  the  lower  falls  at  Rochester  and 
Lake  Ontario,  is  so  broad  and  deep  that  during  the  time  of  ex- 
treme low  water  in  the  summer  and  fall  the  current  is  scarcely 
perceptible.  The  sewage  of  the  city  therefore  lodges  in  this  sec- 
tion, producing  a serious  nuisance.  The  regulation  of  the  river, 
by  preventing  floods,  would  also  improve  the  sanitary  condition 
of  the  broad  upper  valley,  where  the  annual  overflow  has  been 
shown  to  cause  more  or  less  sickness. 

5)  The  waterpower  would  be  increased.  Wheels  are  now  set 
on  the  Genesee  river  capable  of  producing,  at  the  manufacturers’ 
rating,  about  20,000  net  horsepower,  while  the  low-water  flow  of 
the  stream  does  not  exceed  about  5000  net  horsepower. 

In  summation  of  the  preceding  points  it  may  be  urged,  in  gen- 
eral, that  in  constructing  the  proposed  Genesee  storage  dam,  in 
addition  to  the  private  interests  to  be  conserved,  public  service  of 
an  extended  character  would  be  performed. 

Mount  Morris  site.  Referring  to  Mr  Bogart’s  report  of  1890, 
it  is  learned  that  the  investigations  of  that  year  were  general  in 
their  character.  The  work  was  carried  on  more  particularly  with 
reference  to  a location  in  the  Genesee  river  gorge,  between  Mount 
Morris  and  the  foot  of  the  Portage  falls.  No  detailed  surveys 
were  made  further  than  necessary  to  make  a general  estimate  of 
the  cost  of  a dam  58  feet  in  hight,  which  would  store  1,500,000,000 
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cubic  feet,  the  aiuouut  considered  necessary  for  canal  purposes 
alone.  Such  a dam,  Mr  Booart  estimates,  could  be  erected  for 
about  11,000,000. 

The  work  performed  under  the  direction  of  the  Avriter  in  1893 
was  of  an  entirely  different  character.  The  report  of  1890  having 
indicated  tlie  Mount  Morris  canyon  as  a desirable  location,  with 
a number  of  sites  pointed  out,  of  Avliicli  general  investigations 
had  been  made,  it  became  desirable  to  investigate  those  sites  in 
detail  and  to  prepare  close  estimates  of  tlie  cost  of  constructing 
dams  at  each.  Detailed  investigations  were  accordingly  made 
of  the  three  sites  favorably  reported  upon  in  1890,  the  results  of 


Fig.  80  Dam,  58  feet  high,  proposed  for  Genesee  river  near  Mount  Morris. 

which  may  be  found  in  the  Annual  Reports  of  the  State  Engineer 
and  Surveyor  for  1893  and  1891,  where  estimates  of  the  cost  of 
the  several  dams  are  also  given  in  detail.  Referring  to  the  esti- 
mates, it  ajjpears  that  at  site  No.  1,  in  Mount  Morris  canyon,  a 
dam  raising  the  Avater  surface  130  feet  would  cost,  if  built  of 
concrete  alone,  |2,450,000,  but  if  built  Avith  sandstone  faces 
throughout,  except  for  the  spilhvay,  Avhere  granite  is  provided, 
the  estimated  cost  Avould  become  |2,590,000.  A dam  of  the  same 
hight  at  site  No.  2,  if  built  throughout  of  concrete,  would  cost 
$2,000,000,  but  with  sandstone  faces  and  independent  spillAvay  the 
cost  would  be  $2,720,500. 

In  regard  to  the  total  storage  to  be  obtained  in  Mount  Morris 
canyon  the  folloAving  are  the  figures  at  sites  Nos.  1 and  2,  the  tAvo 
sites  chiefly  considered : At  site  No.  1 a dam  of  130  feet  in  hight 
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will  store  7,700,000,000  cubic  feet,  and  at  site  No.  2 a dam  of  the 
same  liight  Avill  store  7,040,000,000  cubic  feet.  Since  no  con- 
clusion has  been  reached  as  to  which  of  these  sites  to  adopt,  for 
the  purposes  of  comparison  a mean  of  7,370,000,000  cubic  feet  has 
been  taken  as  the  approximate  available  storage,  and  the  mean 
of  12,785,000  as  tlie  approximate  total  cost.  On  this  basis  the 
estimated  cost  of  the  storage  becomes  1377.88  per  million  cubic 
feet  of  water  stored.  These  figures  should  be  increased  by  25  per 
cent  in  order  to  conform  to  conditions  in  1004. 

Portage  site.  Investigations  of  the  Genesee  river  storage 
project  were  finally  completed  in  1896.  In  that  year  detailed 
surveys  were  made  of  a new  site  known  as  Portage  site,  the  pro- 
posed dam  to  be  located  at  Portageville,  about  1400  feet  above 
the  Erie  railway  bridge,  at  a point  where  the  gorge  presents 
extremely  favorable  conditions  for  the  erection  of  a high  dam. 
At  this  place  solid  rock  exists  immediately  in  the  bed  of  the 
river,  with  only  a couple  of  feet  of  water  flowing  over  it,  and  also 
extends  high  up  on  the  bluffs  at  either  side,  whereas  at  all  of  the 
sites  in  the  gorge  near  Mount  Morris  the  rock  was  only  found  at 
from  15  to  20  feet  below  the  water  surface  and  of  such  an  open 
texture  as  to  require  cut-off  trenches  about  30  feet  deep,  or  to  a 
total  depth  of  nearly  50  feet  below  the  water.  The  proposed 
Portage  dam  is  also  500  feet  vertically  above  the  previously  men- 
tioned sites,  thus  rendering  that  additional  number  of  feet  avail- 
able for  poAver  purposes — a fact  Avhicli  places  a materially  differ- 
ent aspect  on  the  commercial  side  of  the  Genesee  river  storage 
project. 

A short  distance  aboA^e  the  proposed  Portage  site  the  upper 
Genesee  valleA"  broadens  out  to  a Avidth  in  places  of  from  one  to 
two  miles,  although  the  general  width  of  the  valley  does  not  ex- 
ceed, for  several  miles  in  extent  longitudinally,  about  one  mile. 
It  narroAvs  in  tAvo  or  three  places  to  a less  Avidth  than  this.  The 
valley  is  noAV  a good  agricultural  region,  in  a fair  state  of  culti- 
vation, and  presents,  on  the  whole,  as  favorable  conditions  for 
farming  as  any  similar  valley  in  the  State.  The  Pennsylvania 
railway  passes  through  the  middle  of  the  valley  on  the  line  of  the 
abandoned  Genesee  Valley  canal.  Along  the  line  of  this  raihvay 
the  Au Pages  of  Portageville,  Eossburg,  Wiscoy  and  Fillmore  are 
situated.  The  reserA’oir  project  includes  the  relaying  of  the  raiP 
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way  above  the  flow  line  on  the  west  side  of  the  valley,  as  well  as 
the  removal  of  the  villages  named.  The  total  area  below  the  flow 
line  is  12.4  square  miles,  and  the  entire  area  proposed  to  be  taken 
for  reservoir  purposes,  including  a strip  10  feet  vertically  above 
the  flow  line,  is  13.7  square  miles.  The  project  also  includes  the 
removal  of  several  cemeteries,  the  building  of  highway  bridges 
across  the  reservoir,  and  the  construction  of  a roadway  entirely 
around  the  same. 

Without  having  made  a detailed  canvass,  it  is  estimated  that 
the  present  population  of  the  proposed  Portage  reservoir  site,  in 
the  villages  and  on  the  farms,  is  about  1200.  In  reference  to  dis- 
possessing this  number  of  people  of  their  homes  for  the  purpose 
of  creating  a large  storage  reservoir,  it  may  be  said  that  such  a 
proceeding  is  not  only  not  uncommon  in  this  State,  but  that  the 
population  to  be  removed  in  Die  case  of  the  new  Croton  reservoir 
is  far  greater  than  at  tlie  Portage  reservoir.  According  to  maps 
furnished  by  the  Croton  Water  Department,  it  appears  that  the 
new  Croton  reservoir  includes  the  taking:  of  either  the  whole  or 
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parts  of  something  like  three  large  villages  and  nine  or  ten  ham- 
lets. The  total  population  to  be  removed  from  the  submerged  area 
of  the  new  Croton  reservoir  is  not  given,  but  actual  inspection  of 
maps  of  the  proposed  sites  indicates  that  it  must  be  several  times 
larger  than  the  number  to  be  dispossessed  at  Portage.  The  vil- 
lages of  Katonah,  Purdy  Station,  and  Croton  Fanils  are  much 
larger  than  any  of  the  villages  in  the  I’ortage  reservoir  site.  The 
main  line  of  the  New  York  and  Northern  railroad  passes. for  sev- 
eral miles  through  the  valley  and  requires  relocating  above  the 
flow  line,  the  same  as  is  proposed  for  the  Pennsylvania  railway 
along  the  Portage  reservoir.  It  appears,  therefore,  that  the  City 
of  New  Y^ork  has  recently  done  under  State  laws  everything  in 
the  way  of  so-called  radical  change  which  it  is  proposed  to  do  at 
Portage.  In  both  cases  the  sufficient  reason  for  these  changes 
may  be  found  in  the  better  meeting  of  public  necessities. 

The  original  estimated  cost  of  the  proposed  Portage  reservoir, 
including  land  damages,  dam,  reconstruction  of  railway,  removal 
of  cemeteries,  the  cutting  of  all  timber  within  the  catchment 
areas,  the  construction  of  highway  bridges,  etc.  is  |2,600,000,  the 
storage  to  be  provided  by  this  expenditure  amounting  to  15,000,- 
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000,000  cubic  feet;  at  this  rate  the  cost  per  million  cubic  feet 
stored  would  be  |173.33,  but  with  25  per  cent  added  to  the  esti- 
mate to  conform  to  conditions  in  1904,  the  cost  per  million  cubic 
feet  stored  is  |216.67. 

The  main  characteristics  of  the  proposed  reservoir  are  shown 
bj  table  No.  83,  condensed  from  pages  708-9  of  the  Report  of  the 
State  Engineer  and  Survej^or  for  1896 : 

Table  No.  83 — Capacity  of  Proposed  Portage  Reservoir 


Elevation 
of  water  surface 
above  sea  level, 
feet 

“ 1,100.0 

Area  of  water 
surface, 
square  miles 

0.2320 

Total  volume 
of  water 
in  reservoir, 
cubic  feet 

101,400,000 

Inches  on 
catchment 

0.044 

1,105.0 

0.5330 

217,623,000 

0.094 

1,110.0 

0.8340 

333,900,000 

0.143 

1,115.0 

1.1350 

450,100,000 

0.194 

1,120.0 

1.4357 

566,300,000 

0.244 

1,125.0 

2.0659 

942,100,000 

0.406 

1,130.0 

2.6692 

1,318,000,000 

0.567 

1,135.0 

3.3264 

1,694,000,000 

0.729 

1,140.0 

3.9566 

2,070,000,000 

0.891 

1,145.0 

4.5255 

2,780,000,000 

1.196 

1,150.0 

5.0944 

3,490,000,000 

1.502 

1,155.0 

5.6633 

4,200,000,000 

1.808 

1,160.0 

6.2322 

4,910,000,000 

2.113 

1,165.0 

6.8293 

5,945,000,000 

2.559 

1,170.0 

7.4264 

6,980,000,000 

3.004 

1,172.0 

7.6652 

7,395,000,000 

3.182 

1,173.0 

7.7846 

7,602,000,000 

3.271 

1,175.0 

8.0235 

8,016,000,000 

3.451 

1,180.0 

8.6206 

9,051,000,000 

3.896 

1,185.0 

9.4362 

10,366,000,000 

4.462 

1,190.0 

10.2518 

11,681,500,000 

5.016 

1,195.0 

11.3007 

13,257,000,000 

5.710 

1,200.0 

12.3495 

15,000,000,000 

6.458 

Comparing  the  foregoing  statements  of  cost  with  those  made 
on  the  preceding  page  with  reference  to  the  cost  of  the  proposed 
reservoir  in  Mount  Morris  canyon,  it  appears  that  at  Portage  a 


582 


NEW  YORK  STATE  MUSEUM 


storage  of  15,000,000,000  cubic  feet  can  be  made  for  somewhat 
less  than  the  cost  of  7,300,000,000  cubic  feet  at  Mount  Morris; 
or,  as  a general  statement,  we  may  say  that  a given  expenditure 
at  Portage  produces  double  the  storage  that  it  will  produce  at 
Mount  Morris.  The  Portage  reservoir  develops  the  full  capacity 
of  the  catchment  area  for  such  a dry  year  as  1895.  It  is  con- 
sidered that  this  full  development  is  necessary  in  order  to  obtain 
the  most  satisfactory  results  in  river  regulation. 

As  reasons  in  detail  for  preferring  the  Portage  site  to  that  at 
Mount  Morris,  the  following  may  be  mentioned: 

1)  The  Portage  site  affords  more  water  for  a given  expendi- 
ture. 

2)  The  Portage  site  is  considered  safer  than  the  Mount  Mor- 
ris site.  As  shown  in  the  Genesee  Storage  Keports  of  1893-94, 
the  shales  at  ^Mount  Morris  are  open;  and  while  it  is,  without 
doubt,  possible  to  make  a safe  dam  there,  it  would  be  at  much 
greater  cost  than  at  Portage. 

3)  The  material  for  the  dam  is  nearly  all  on  the  ground  at 
Portage,  while  at  Mount  Morris  it  needs  to  be  brought  from  a 
distance. 

4)  The  Portage  site  affords  greater  waterpower  development. 
With  the  Genesee  storage  dam  located  at  Mount  Morris  the 
total  head  on  which  the  storage  can  be  applied  is  282  feet,  while 
with  a dam  at  Portage  the  total  head  on  which  the  stored  water 
may  be  applied  is  782  feet. 

5)  On  account  of  the  great  depth  of  the  foundation  at  Mount 
Morris,  it  would  be  necessary  to  expend  over  |1,000,000  before  the 
dam  could  be  brought  to  the  level  of  the  present  water  surface. 

The  proposed  regulation  of  Genesee  river  at  Portage  has  been 
computed  on  the  basis  of  a minimum  discharge  of  300  cubic  feet 
per  second,  in  the  case  of  a reservoir  storing  7,500,000,000  cubic 
feet,  and  on  a basis  of  a minimum  of  457  cubic  feet  per  second 
in  the  case  of  a reservoir  storing  15,000,000,000  cubic  feet.  As 
to  the  reason  for  fixing  upon  these  minimums,  in  river  regula- 
tion the  outflow  from  the  storage  reservoir  should  be  so  arranged 
as  to  make  the  benefit  to  all  parts  of  the  stream  equal.  Es- 
pecially is  this  proposition  true  when,  as  in  the  present  case, 
there  is  waterpower  distributed  throughout  the  whole  extent 
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of  the  stream  below  the  storage  point.  Obviously  the  way  to 
do  this  is  to  plan  for  an  outflow  proportional  to  the  catchment 
area.  In  the  present  case  we  have  a catchment  area  at  Roches- 
ter of  23G5  square  miles,  and  one  of  1000  square  miles  above 
Portage,  or  the  area  above  Rochester  is  about  2^  times  the  area 
above  Portage.  The  minimum  regulated  flow  at  Rochester  may 
be  made  2.365  times  the  assumed  minimum  flow  at  Portage. 

In  the  foregoing,  the  statement  is  rnade  that  the  outflow 
should  be  proportional  to  the  catchment  area.  This  is  the  theo- 
retical view  purely,  and  provided  reservoirs  can  be  constructed 
at  equally  low  cost  in  all  parts  of  a catchment,  it  is  the  prefer- 
able principle  to  follow.  But  this  can  seldom  be  done  because 
reservoirs  will  vary  greatly  in  cost  in  different  parts  of  a catch- 
ment— they  may  run  all  the  way  from  |15  to  |20  per  million 
cubic  feet  stored  -to  from  |600  to  flOOfl  per  million  cubic  feet. 
This  practical  consideration  will  modify  the  theoretical  con- 
clusion. 

Assuming  680  cubic  feet  per  second  as  the  flow  below  which 
the  stream  will  never  be  allowed  to  fall  at  Rochester,  we  have 
for  a reservoir  storing  7,500,000,000  cubic  feet  a corresponding 
minimum  outflow  from  the  reservoir  of  300  cubic  feet  per  second, 
or  for  a storage  of  15,000,000,000  cubic  feet  an  outflow  of  457 
cubic  feet  per  second,  the  latter  figure  being  arrived  at  by  assum- 
ing the  maintenance  of  a minimum  flow  at  Rochester  of  at  least 
1000  cubic  feet  jjer  second.  The  computations  of  tables  Nos. 
84  and  85  are  carried  out  on  this  basis.  The  regulated  flows 
for  the  month  of  May  are  greater  than  for  the  other  months. 
They  are  also  greatest  during  the  months  of  canal  navigation, 
the  addition  being  made  in  order  to  provide  for  the  quantity  of 
Avater  to  be  taken  for  the  enlarged  Erie  canal,  which  quantity 
has  been  fixed  at  80  cubic  feet  per  second  for  every  month  of 
the  naAdgation  season  except  May,  and  at  177  cubic  feet  per 
second  for  that  month,  the  excess  quantity  for  the  month  of 
^lay  being  required  in  order  to  provide  for  filling  the  canal  at 
the  beginning  of  the  month. 

Table  No.  84  shoAvs  the  effect  on  the  Aoav  of  Genesee  river  from 
June,  1894,  to  November,  1896,  inclusive,  as  influenced  by  the 
storage  at  Portage  of  15,000,000,000  cubic  feet  of  water,  provided 
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at  least  457  cubic  feet  per  second  is  allowed  to  flow  continually 
at  Portage  and  at. least  1000  cubic  feet  per  second  is  always  flow- 
ing at  Kochester  in  addition  to  the  amount  required  for  canal 
purposes.  The  flgures  given  in  column  (2)  show  the  proposed 
minimum  flow  at  Kochester,  this  being  the  1000  cubic  feet  per 
second  noted  above,  together  with  80  cubic  feet  per  second  for 
the  canal  for  the  months  from  June  to  November,  inclusive,  and 
177  cubic  feet  per  second  for  the  month  of’  May.  Columns  (3) 
and  (4)  give  the  discharges  at  Kochester  and  Portage  under 
natural  conditions.  Column  (5)  gives  the  difference  between 
these,  or  the  quantity  of  water  entering  the  river  below  Portage. 
Column  (0)  gives  the  amount  which  goes  to  the  canal  while 
column  (7)  gives  the  ratio  of  amount  to  canal  to  actual  flow. 
Column  (8)  gives  the  minimum  amount  to  be  added  at  Portage  in 
order  to  maintain  the  proposed  minimum  flow  at  Kochester  of 
1000  cubic  feet  per  second,  not  including  the  amount  taken  by  the 
canal.  The  quantity  available  at  Kochester  for  power  purposes 
is  shown  in  column  (9).  Tlie  actual  outflow  from  the  Portage 
reservoir  is  given  in  column  (10)  in  cubic  feet  per  second,  while 
column  (12)  gives  the  same  thing  in  inches  on  the  catchment  area. 
Column  (11)  gives  the  suri)lns  flowing  over  the  spillway  at  the 
Portage  reservoir. 

Table  No.  85  exhibits  the  condition  of  the  reservoir  from  month 
to  month  under  the  above  conditions.  The  flgures  are  given  not 
in  cubic  content  but  in  equivalent  depth  in  inches  on  the  total 
tributary  catchment  of  1000  square  miles.  The  reservoir  is  as- 
sumed to  be  full  at  the  beginning  of  June  1894,  the  total  storage 
of  the  reservoir  being  equivalent  to  G.46  inches  in  depth  on  the 
catchment  area.  The  total  waste  from  June  1,  1894,  to  December 
1,  1896,  equals,  under  the  conditions  of  this  table,  2.11  inches  on 
the  catchment. 

Similar  tables  have  been  computed  showing  the  regulation  of 
the  river  as  affected  by  the  storage  at  Portage  of  7,500,000,000 
cubic  feet  of  water  for  the  same  period,  with  at  least  300  cubic 
feet  per  second  always  flowing  at  Portage,  and  at  least  600  cubic 
feet  per  second  at  Kochester,  in  addition  to  the  amount  required 
for  the  canal.  The  chief  difference  between  these  two  tables  is  in 
the  amount  of  water  utilized.  In  the  case  of  a reservoir  of 
15,000,000,000  cubic  feet  capacity,  during  only  three  months  of 


Table  No.  84 — Regulation  of  Genesee  eiveb  by  storage  at  Portage 
[With  storage  of  15,000,000,000  cubic  feet  at  Portage  and  flow  of  at  least  1000  cubic  feet  per  second  at  Rochester] 
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Table  No.  85— Flow  into  and  from  Portage  reservoir  under  the  conditions  assumed 
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the  period  from  June,  1894,  to  November,  1896,  inclusive,  would 
there  be  any  water  wasted  from  the  reservoir,  the  total  for  this 
period  being  2.11  inches.  In  June,  1894,  521  cubic  feet  per  second ; 
in  x\pril,  1895,  1058  cubic  feet  per  second,  and  in  April,  1896,  350 
cubic  feet  per  second.  In  no  case  would  there  be  at  Kochester  less 
than  1000  cubic  feet  per  second. 

In  the  case  of  a reservoir  of  7,500,000,000  cubic  feet  capacity, 
there  would  have  been  wasted  a total  of  9.36  inches  on  the  catch- 
ment during  the  same  period.  In  June,  1894,  645  cubic  feet  per 
second;  in  November,  1894,  287  cubic  feet  per  second;  in 
December,  1894,  216  cubic  feet  per  second;  in  January,  1895,  260 
cubic  feet  per  second ; in  March,  1895,  1266  cubic  feet  per  second ; 
in  April,  1895,  1440  cubic  feet  per  second;  in  March,  1896,  1145 
cubic  feet  per  second;  in  April,  1896,  2716  cubic  feet  per  second, 
and  in  November,  1896,  269  cubic  feet  per  second.  The  amount 
flowing  at  Rochester  would  not  have  been  less  than  600  cubic  feet 
per  second. 

Moreover  had  the  enlarged  canal  been  in  operation  in  July, 
1894,  and  taking  the  estimated  quantity  of  80  cubic  feet  of  water 
per  second  from  Genesee  river,  the  amount  of  water  going  to  the 
canal  would  have  been  27.4  per  cent  of  the  total  flow  of  the  river 
for  that  month;  in  August,  18.1  per  cent;  in  May,  1895,  46  per 
cent;  in  June,  28.3  per  cent;  in  July,  34.5  per  cent;  in  August, 
31.5  per  cent;  in  September,  36.2  per  cent,  and  in  October, 
34.8  per  cent.  In  May,  1896,  the  canal  would  have  taken  51.3 
per  cent  of  the  total  flow  of  the  river  for  that  month;  in  June, 
12.2  per  cent;  in  July,  15.9  per  cent;  in  August,  19.2  per  cent, 
and  in  September,  24.5  per  cent.  It  appears,  therefore,  that  the 
taking  of  80  cubic  feet  per  second  from  the  Genesee  river  for  canal 
purposes  is  a very  serious  matter  to  the  waterpower  of  the  stream 
and  is  unjustifiable,  unless  it  be  clearly  shown  that  the  addition 
to  the  wealth  of  the  State  is  greater  than  if  the  water  were  used 
for  supplying  power.  The  actual  damage  resulting  from  taking 
at  times  50  per  cent  of  the  unregulated  flow  of  the  stream  is  about 
as  follows : As  shoAvn  on  a previous  page,  the  minimum  flow  of 
the  river  is  capable  of  producing  6727  gross  horsepower,  or,  what 
is  the  same  thing,  assuming  75  per  cent  efficiency,  5046  net  horse- 
power. One  half  of  the  low-water  power  may  therefore  be  taken 
at  2523  net  horsepower. 
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So  loiio-  as  the  possibility  exists  of  a draft  iii^oii  the  river  equal 
to  one-half  of  its  miuiniiiin  flow,  this  2523  net  horsepower  is  prac- 
tically rendered  useless  to  ils  owners  by  reason  of  the  uncertainty 
as  to  the  exact  time  of  the  draft,  or  if  not  rendered  useless,  is  far 
less  valuable  than  if  it  were  absolutely  permanent  power.  In 
enforcing  this  view  it  may  be  iminted  out  that  Rochester  is  a 
manufacturing  town,  made  u})  chiefly  of  establishments  using  com- 
paratively small  quantities  of  iiower  at  each  place,  but  that  the 
power  must  still  be  continuous  every  day;  that  is  to  say,  it  must 
be  permanent  j)Ower.  >8o  long,  therefore,  as  one-half  fhe  total 
minimum  power  of  the  stream  is  subject  to  stoppage  during  any 
month,  the  manufacturers  will  ju-eferably  use  steam  })Ower,  on 
account  of  its  permanency,  even  at  considerably  greater  expense. 
Rearing  on  this  view  it  may  be  pointed  out  that  the  use  of  soft 
coal  in  Rochester  for  steam  ])urposes  is  fully  500,000  tons  a year, 
which,  at  an  average  ju-ice  of  |2.40  ])cr  ton,  amounts  to  the  sum 
of  11,200,000  annually.  If  may  be  considered  settled,  therefore, 
that  waterpower  is  valuable  at  Rochester,  and  that  anything 
Avhich  tends  to  reduce  the  permanent  power  50  per  cent  is  a 
serious  matter  to  the  manufacturers  of  the  city.^ 

Comparison  of  Mount  ]\[orris  and  Portage  sites.  'As  a further 
point  in  the  discussion  of  Genesee  river  storage,  comparison  will 
be  made  between  the  Mount  Morris  project,  storing  7,370,000,000 
cubic  feet  at  a cost  in  1904  of  about  |3,500,000,  and  the  Portage 
project  storing  15,000,000,000  cubic  feet,  at  an  estimated  cost  in 
1904,  of  13,250,000,  for  the  purpose  of  determining  the  relative 
commercial  advantages. 

With  the  reservoir  at  Mount  Morris  storing  7,370,000,000  cubic 
feet  there  is  282  feet  fall,  on  which  7,370,000,000  cubic  feet,  less 
the  quantity  required  for  the  canal,  may  be  applied  for  power 
purposes.  As  already  explained,  the  constant  outflow  from  the 
reservoir  would  never  be  less  than  300  cubic  feet  a second.  Con- 
tinuous power  development  under  this  plan  would,  therefore,  be 
based  on  300  cubic  feet  a second  at  Mount  Morris,  something  more 
than  this  at  Geneseo  and  York,  and  on  GOO  cubic  feet  a second  at 
Rochester.  On  this  basis  of  computation  it  appears  that  the  total 

iThe  new  project  for  a barge  canal  does  not  contemplate  taking  water 
from  the  Genesee  river.  This  part  of  the  argument  is  however  allowed  to 
stand  as  an  illustration  of  conditions  existing  in  the  State  of  New  York. 
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permanent,  continuous  power  to  be  realized  from  a reservoir  stor- 
ing 7,370,000,000  cubic  feet  and  located  in  the  Mount  Morris  gorge 
would  be  18,327  gross  horsepower. 

In  regard  to  the  increase  in  waterpower,  the  effective  value  of 
the  storage  will  be  the  amount  of  permanent  power  above  the  low- 
water  power  of  the  stream.  As  already  stated,  the  total  per- 
manent power  for  the  unregulated  stream  is  6727  gross  horse- 


Fig.  40  Section  of  dam  and  gate-liouse  as  proposed  for  Genesee  river  at 
Portage. 

power.  The  gain  due  to  the  storage  is,  therefore,  11,600  gross 
horsepower.  Assuming  a price  of  |10  per  gross  horsepower,  we 
reach  an  annual  return  from  the  increased  power  of  |116,000 ; but 
the  Mount  Morris  reservoir  is  estimated  in  1904  to  cost  |3,500,000, 
although  ten  years  ago  it  was  estimated  at  |2,785,000.  Using  the 
figure  of  the  estimate  of  ten  years  ago,  and  assuming  the  project 
carried  out  by  a private  company  with  money  at  5 per  cent,  the 
annual  interest  on  the  investment  is  |139,250 — a sum  |23,250  in 
excess  of  the  probable  annual  income  when  all  the  power  created 
shall  have  been  brought  into  use;  but  there  should  be  a sinking. 
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maintenance  and  repair  fund  of  at  least  |25,000  a year  in  order 
to  repay  the  principal  investment,  which  if  taken  into  account 
increases  the  probable  deficiency  to  |48,250  a year.  It  must  be 
concluded,  therefore,  that  with  the  present  understanding  as  to 
the  minimum  runoff  of  the  Genesee  river  the  project  of  a storage 
reservoir  in  Mount  Morris  canyon,  storing  approximately  7,370,- 
000,000  cubic  feet  of  water  at  a cost  of  |2,785,000,  is  commercially 
impracticable,  while  at  the  estimated  cost  in  1904  of  |3,500,000  it 
is  even  more  impracticable. 

If  we  consider  the  Portage  project  in  its  financial  aspects, 
where  it  is  proposed  to  construct  a reservoir  storing  15,000,000,000 
cubic  feet  of  water  at  a cost  in  1904  of  |3,250,000,  we  reach  the 
following  results : 

The  total  fall  from  just  above  the  upper  fall  at  Portage  to  the 
mean  level  of  Lake  Ontario  is  833  feet,  of  which  the  greater  por- 
tion is  available  for  the  development  of  waterpower.  Without 
going  into  detail,  we  may  place  the  permanent,  continuous  gross 
horsepower  of  the  river,  with  a storage  of  15,000,000,000  cubic 
feet  at  Portage,  at  the  following  figures : 

Gross 

horsepower 


Portage  to  Mount  Morris 25,924 

Mount  Morris 835 

Geneseo  and  York 024 

Rochester 29,840 


Total 57,22S 


Deducting  from  57,223  gross  horsepower  the  present  permanent 
power  of  0727  gross  horsep>ower,  we  have  50,490  gross  horsepower 
as  the  net  increase  in  the  permanent  waterpower  of  the  stream 
due  to  the  construction  of  the  Portage  reservoir.  At  |10  per 
gross  horsepower,  as  before,  the  annual  income  when  the  power 
is  utilized  amounts  to  |504,900.  The  estimated  cost  of  producing 
this  vast  increase  in  power  is  |3,250,000  in  1904.  Assuming  an 
interest  rate  of  five  per  cent,  the  annual  interest  is  |172,500 ; add- 
ing to  that  amount  |25,000  for  sinking  fund,  maintenance  and 
repairs,  the  total  annual  expense  becomes  |197,500.  The  differ- 
ence of  1307,460  is  the  net  annual  income. 
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As  already  shown,  Avlien  interest  is  taken  into  account,  the 
Mount  Morris  project  becomes  commercially  impracticable.  The 
Portage  project,  on  the  other  hand,  shows  an  annual  income,  above 
interest  account,  sinking  fund,  maintenance  and  repairs,  of  |307,- 
4f>0,  which,  capitalized  at  5 per  cent,  represents  |6,149,200.  If 
we  assume  4 per  cent,  the  capitalization  of  the  annual  income  may 
be  expected  ultimately  to  represent  $7,686,500. 

Summary  of  Genesee  river  storage.  The  following  summation 
of  the  Genesee  river  storage  projects  is  presented  as  embodying 
the  main  points  involved. 

1)  Of  the  several  available  sites  for  reservoirs  on  Genesee  river 
that  at  Portage  is  preferable  to  others,  because  it  affords  the 
largest  storage  at  the  smallest  cost  per  unit  volume. 

2)  Serious  floods  have  occurred  a number  of  times  in  the  Gene- 
see river  at  Rochester,  the  most  serious  being  that  of  March  1865. 
The  floods  in  April  1896  and  March  1902  were  nearly  as  severe 
as  the  flood  of  March  1865,  although,  as  the  river  channel  was 
clear,  very  little  damage  ensued. 

3)  As  the  result  of  three  gears’  measurements  of  Genesee  river, 
it  is  determined  that  the  minimum  flow  of  the  stream  may  for  the 
entire  year  be  as  low  as  6.67  inches  on  the  catchment  area.  Since 
1896  the  record  of  the  flow  of  the  stream  has  been  extended  with- 
out altering  the  conclusions  of  this  paragraph. 

4)  A study  of  existing  conditions  shows  that  the  Genesee 
river  catchment  area  has  been  nearly  denuded  of  forests,  and 
hence  that  severe  spring  floods  are  likely  to  be  frequent.  For 
the  same  reason  the  summer  flow  of  the  stream  is  less  than 
formerly. 

5)  As  a tentative  conclusion,  based  on  the  data  at  hand,  it  may 
be  said  that  the  deforestation  of  a catchment  area  may  tend 
not  only  to  increase  floods  somewhat,  but  to  decrease  materially 
the  amount  of  the  annual  runoff. 

6)  A comparison  of  the  conditions  existing  on  the  catchment 
area  of  the  Genesee  river  with  those  of  the  upper  Hudson,  which 
is  still  largely  in  forest,  shows  less  runoff  under  given  conditions 
from  the  Genesee  than  from  the  Hudson,  thus  indicating  the 
probable  effect  of  the  forest  in  increasing  the  runoff.  The  com- 
parative diagram  shown  in  fig.  11  is  pertinent  as  illustrating  this 
point. 
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7)  As  regards  the  iij^per  Genesee  catcliiiieiit  area,  the  forest 
has  been  removed  by  landowners  wlio  have  commercially  profited 
by  such  removal;  the  effect,  howeA^r,  has  been  fo  injure  per- 
manently eA^ery  riparian  owner  on  the  stream;  hence  it  is  proper 
that  the  State  should  spend  money  either  in  partially  reforest- 
ing the  area  or  in  constructing  river  regulation  works.  The 
latter  is  preferable,  because  the-  benefits  can  be  realized  in  a 
few^  years.  If  the  State  doe>s  not  desire  to  construct  such  works^ 
there  should  be  no  obstacles  interposed  to  their  construction 
by  a private  company. 

S)  The  proposed  Portage  reservoir  Avill  impound  15,000,000,00(> 
cubic  feet  of  water  at  an  estimated  cost  in  1904  of  |3,250,000,  or 
at  a cost  of  |216.G7  per  million  cubic  feet  stored.  It  will  afford 
a peiTuanent,  continuous  power  above  the  present  low-water 
flow  of  the  stream  of  50,496  gross  horsepower,  Avhile  the  reser- 
voir  at  Mount  Morris  will  afford  only  11,600  horsepower  above 
the  present  low-Avater  power  of  the  stream. 

9)  Based  on  manufacturers’  ratings,  the  present  total  deA^el- 
oped  water  power  of  Genesee  river  from  Portage  to  Rochester, 
inclusiAX,  is  19,178  net  horsepoAver;  or,  basing  the  amount  of 
Avater  poAver  on  the  manufacturers’  ratings  of  water  required, 
and  assuming  75  per  cent  efficiency  on  the  wheels,  the  total 
power  is  17,248  net  horsepower,  of  which  about  16,650  net  horse- 
X>OAA’er  is  within  the  limits  of  the  city  of  Rochester.  These 
figures  apply  to  conditions  as  existing  in  1897. 

Early  History 

Eric  canal  in  its  relations  to  (Jcncscc  ricc)\  In  order  to  shOAV 
why  the  State  was  originally  asked  to  build  a storage  reservoir 
on  Genesee  river  for  the  benefit  of  private  parties,  the  following 
from  the  early  history  of  the  Erie  canal  in  its  relations  to  the 
Genesee  riA-er  is  given: 

The  first  mention  of  the  Genesee  river  as  a source  of  water 
supply  for  Erie  canal  is  in  the  report  of  James  Geddes,  who 
was  employed  by  Simeon  DeWitt,  the  then  SurA^eyor  General 
of  this  State,  to  make  the  first  examinations  for  the  Erie  canal. 
His  repotrt,  which  was  submitted  on  flanuary  20,  1809,  may  be 
found  in  the  official  history  of  the  New  York  State  canals  (1825) 
page  13  and  following. 


Plate  12. 


Upper  and  middle  falls  of  the  Genesee  river  at  Portage. 
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Further  mention  of  the  Genesee  river  as  a possible  source  of 
water  supply  of  the  Erie  canal  is  given  in  a letter  written  by 
Mr  Geddes  to  William  Darby,  under  date  of  February  22,  1822, 
which  may  also  be  found  in  the  official  history  of  the  State 
canals.  IVithout  giving  these  interesting  historical  documents 
in  detail,  it  may  be  stated  that  Mr  Geddes  considered  the 
Genesee  river  as  an  exceedingly  important  feeder  of  the  Erie 
canal.  We  shall  see,  however,  as  we  proceed  how  very 
materially  this  view  was  modified  as  more  information  was 
gained  as  to  the  dry  weather  flow,  not  only  in  the  Genesee  river, 
but  in  the  other  streams  in  western  New  York,  until  finally 
it  became  the  settled  policy  of  the  canal  authorities  to  derive 
water  supplies  from  the  lakes  rather  than  from  rivers.  The 
effect  of  this  settled  policy  upon  the  present  project  for  storage 
of  the  water  of  the  Genesee  river  Avill  also  appear  as  we  proceed. 

In  order  to  exhibit  the  history  of  the  Genesee  feeder  clearly, 
it  will  be  necessary  also  to  consider  to  some  extent  the  general 
history  of  the  New  York  State  canals,  and  accordingly  certain 
facts  which  are  not  set  forth  on  a later  page  are  given  here. 

In  1810  a concurrent  resolution  was  adopted,  appointing 
Gouverneur  Morris,  Stephen  Van  Eensselaer,  DeWitt  Clinton, 
Simeon  DeWitt,  William  North,  Thomas  Eddy  and  Peter  B. 
Porter  commissioners  for  exploring  the  whole  route  of  the  Erie 
canal,  etc.  Cliapter  193,  section  43,  laws  of  1810,  appropriated 
foOOO  for  the  use  of  this  commission.  The  commissioners 
reported  under  date  of  March  2,  1811. 

They  discussed  questions  relating  to  the  Erie  canal  broadly 
and  specially  at  considerable  length  the  future  water  supply. 
The  following  extract  from  their  report  will  show  the  conclu- 
sions to  which  their  studies  had  brought  them,  and  indicates 
they  did  not  favor  placing  any  special  dependence  upon  a per- 
manent supply  to  the  canal  from  the  rivers. 

We  shall  see  as  we  proceed  that  the  principles  announced  in 
their  report  of  1811  were  so  far  as  possible  followed  in  designing 
the  permanent  water  supply  of  the  Erie  canal. 

The  following  is  from  the  commissioners’  report : 

In  the  construction  of  canals,  when  recourse  is  had  (as  must 
generally  be  the  case)  to  rivers  for  a supply  of  water,  it  is  found 
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necessary  to  guard  with  scrupulous  care,  and,  not  unfrequently, 
at  enormous  expense,  against  those  floods,  which,  pouring  a tor- 
rent into  a canal,  and  tearing  down  its  banks,  might  at  once 
destroy  the  navigation  and  inundate  the  country. 

Aloreover,  it  is  found  that  canals  depending  on  rivers,  fre- 
quently, like  the  rivers  themselves,  want  water  in  the  season  when 
it  is  necessary.  Indeed,  to  suppose  the  water  in  a river,  when 
turned  into  a canal,  will  remain  the  same,  would  lead  to  serious 
disappointment. 

Much  must  be  allowed  for  evaporation,  and,  notwithstanding 
the  utmost  care,  more  will  Alter  through  the  sides  and  bottom  of 
a canal  than  those  of  a river,  which  are  generally  saturated. 

Thus,  then,  two  prominent  evils  present  themselves  in  feeding 
from  rivers,  viz.,  in  spring,  they  pour  in  too  much  water,  and  can 
afford  none  in  autumn,  when  it  is  most  needed.  There  is  still 
anotlier  evil,  which  though  not  so  imminent,  becomes  eventually 
of  serious  moment. 

When  the  country  shall  be  cultivated,  streams  swollen  by 
showers  will  bring  down  mixed  with  their  waters  a proportion  of 
mud,  and  that,  in  the  stillness  of  a level  canal,  will  subside,  and 
choke  it  up.  It  is  also  to  be  noted  by  those  who  shall  construct 
canals  in  this  country,  that  the  true  character  of  a river  cannot 
now  be  known.  Large  tracts  (for  instance,  west  of  the  Genesee), 
which  appear  as  swamps,  and  through  which  causeways  of  logs 
are  laid  for  roads,  will  become  dry  fields,  when  no  longer  shaded 
(as  at  present)  by  forests  impervious  to  the  sun. 

In  the  progress  of  industry,  swamps  (the  present  reservoirs  of 
permanent  springs  that  burst  out  on  a lower  surface)  will  be 
drained,  whereby  many  of  those  springs  will  be  dried.  Of  such 
as  remain,  a part  will  be  used  to  irrigate  inclined  planes. 

Moreover  in  every  place  tolerably  convenient  ponds  will  be 
collected,  for  mills  and  other  machinery,  from  whose  surface,  as 
well  as  from  that  of  the  soil,  the  sun  will  exhale  an  ample  tribute 
of  vapor. 

Thus  the  summer  supply  of  rivers  will  be  in  part  destroyed, 
and  in  part  consumed,  whereby  their  present  autumnal  penury 
must  be  further  enhanced.  But  in  the  spring,  the  careful  hus- 
bandman and  miller  will  open  every  ditch  and  sluice  to  get  rid  of 
that  water,  which  though  at  other  times  a kind  friend  and  faith- 
ful servant,  is  then  a dangerous  enemy  and  imperious  master. 

Of  course,  much  of  what  is  now  withheld  for  many  days,  will 
then  be  suddenly  poured  out.  The  torrents  must  therefore  rage 
with  greater  fury  hereafter  than  they  do  in  the  present  day. 

Considerations  like  these,  while  they  cast  a shade  over  many 
contemplated  enterprises,  give  by  contrast  a glowing  hue  to  that 
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which  we  now  have  to  consider.  The  canal,  from  Lake  Erie  to 
the  Hudson,  may  he  fed  by  pure  water  from  lakes,  provided 
mounds  and  aqueducts  be  made  over  intervening  valleys,  or  the 
canal  be  carried  around  them.  In  every  case  the  attending  cir- 
cumstances must  decide. 

In  June  1812,  an  act  was  passed  authorizing  the  Canal  Com- 
missioners to  borrow  five  million  dollars  in  order  to  provide  for 
the  improvement  of  the  internal  navigation  of  the  State. 

The  war  of  1812  led  to  the  suspension  of  the  work,  but  in  1816 
the  project  was  revived;  the  act  of  1812  was  repealed  and  a new 
act  passed  appropriating  twenty  thousand  dollars  for  additional 
surveys. 

In  the  report  of  the  Commissioners,  1817,  under  the  last  act 
referred  to,  in  speaking  of  the  proposed  route  across  the  Genesee 
river,  they  say : 

Pursuing  this  route  the  canal  never  rises  above  the  Lake  Erie 
level.  It  would,  therefore,  derive  its  waters,  till  it  descends  to  the 
Genesee  level,  and  as  much  farther  as  may  be  necessary,  from 
that  never  failing  reservoir  (Lake  Erie). 

Finally,  on  April  15,  1817,  an  act  was  passed  which  actually 
led  to  the  construction  of  the  canal  and  which  provides  in  detail 
the  method  of  procedure. 

In  1819,  the  canal  having  been  partially  constructed  in  the 
eastern  part  of  the  State,  active  operations  were  begun  in  the 
western  part.  During  that  year  the  Genesee  river  feeder  was 
survej^ed  by  Thomas  Hutchinson,  an  engineer  in  the  employ  of 
the  State.  In  1820,  in  a communication  from  the  Canal  Com- 
missioners to  the  Canal  Committee  of  the  Assembly,  it  is  stated 
that : 

Whenever  in  its  progress  from  Seneca  river  west,  the  canal 
reaches  the  Genesee  river,  that  stream  will  afford  an  additional 
navigation  connected  with  it,  for  a distance  of  nearly  forty  miles ; 
that  is,  by  making  sixty-three  miles  of  canal  at  about  half  the 
expense  per  mile  at  which  the  eastern  section  is  estimated,  the 
State  will  have  the  benefit  of  one  hundred  miles  of  interior  naviga- 
tion through  a country,  at  least  as  populous  and  productive  as 
any  other  of  equal  extent  in  the  State.  The  surplus  productions 
of  Ontario  county  alone  have  been  reckoned  as  high  in  some  sea- 
sons as  six  hundred  thousand  dollars. 
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The  preceding  quotation  is  exceedingly  important  as  indicating 
Avliy  the  Genesee  feeder  Avas  maintained  after  the  canal  had  been 
completed  to  Lake  Erie,  and  a permanent  supply  of  AA'ater  ob- 
tained from  that  source. 

During  the  year  1820  contracts  for  the  construction  of  the  canal 
immediately  east  and  Avest  of  Itochester  Avere  let. 

In  their  report  to  the  Tvegislature,  under  date  of  March  12,  1821, 
The  Canal  Commissioners  discussed  the  practicability  of  tAsm  pro- 
})Osed  routes  for  the  canal  from  Itochester  Avest,  the  northern  of 
Avhich  AA’Ould  be  beloAv  the  level  of  Lake  Erie,  Avhile  the  southern 
Avould  rise  aboA’e  that  level.  The  conclusion  arrived  at  AAms  that 
if  the  southern  location  Avere  adopted  there  Avould  i)robably  be  at 
times  a serious  shortage  of  water,  in  vieAv  of  Avhich,  and  other 
considerations,  the  Commissioners  decided  to  adoj)t  the  present 
route  from  Lake  Erie  east,  Avhirh  does  not  at  any  point  rise  aboA^e 
the  leA’el  of  that  lake,  and  Avhich  therefore  admits  of  feeding  the 
entire  canal  from  that  source.  The  Commissioners  say: 

Having  adopted  that  route  for  the  canal,  Avhich,  at  eA^ery 
departure  from  the  level  of  Lake  Ih*ie,  in  its  progress  eastAAmrd, 
Avill  descend,  till  it  reaches  tlie  >Seneca  river,  aa’c  entertain  no 
doubt  of  an  abundant  and  j)ermaiient  su{)j)ly  of  Avater  for  every 
part  of  the  canal.  Lut,  in  ordei*  to  ]>i*ovide  against  any  possibility 
of  danger  on  this  subject,  it  is  intended  to  construct  the  canal 
through  the  dry  region  betAA'een  the  locks  at  the  mountain  ridg'e 
and  the  Geneseu  riA’er,  Avith  a descent  toAvards  the  east  of  one  or 
two  inches  in  every  mile;  the  necessary  effect  of  Avhich  Avill  be  to 
saA'e  the  expense  of  at  least  one  lo(‘k,  and  to  induce  a current  of 
so  much  Avater  from  Lake  Erie  toAvards  the  east  as  Avill  leaA^e  but 
little  to  be  recpiired  from  the  Genesee  river;  and  this  little  may 
be  still  reduced,  and  if  it  shall  eA^er  become  expedient,  by  a feeder 
from  the  Irondequoit  creek,  a copious  and  equable  stream,  Avhich 
it  Avas  formerly  supposed  could  not  Ite  draAvn  upon  for  the  canal, 
but  Avhich,  by  the  enterprising  zeal  of  David  S.  Bates,  Esq.,  one 
of  our  resident  engineers,  has  been  found  capable  of  being  taken 
into  it  at  Pittsford,  near  the  AA^est  end  of  the  leA^el,  about  thirteen 
miles  in  length.  From  this  leA’cl  eastward,  there  might  be  ob- 
tained a sufficient  supply  of  Avater  from  the  Canandaigua  lake, 
Mud  creek  .and  seA’eral  other  sources,  for  all  the  demands  of  the 
canal  if  the  Genesee  riA’^er  Avere  annihilated. 

From  the  Commissioners’  report,  submitted  February  27,  1822, 
it  is  learned  that  contracts  AA^ere  signed  for  opening  a feeder  from 
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the  Genesee  river  into  Erie  canal,  June  6,  1821.  The  Commis- 
sioners complete  their  report  by  stating  that  after  this  feeder  is 
completed,  which  will  probably  be  in  INfay,  1822,  it  is  expected 
that  with  a little  additional  expense,  a good  navigation  forty 
miles  up  the  river  will  be  available,  in  connection  with  the  Erie 
canal. 

The  canal  was  opened  to  Rochester  in  July,  1822,  and  the 
problem  then  was  to  obtain  a sufficient  supply  of  water  from  the 
Genesee  river  west  until  Lake  Erie  could  be  reached  and  its  waters 
drawn  upon. 

On  the  26th  day  of  October,  1825,  Avater  having  been  turned 
into  the  canal  from  the  harbor  at  Black  Rock  the  first  boat 
ascended  the  locks  at  Lockport  and  passed  through  the  deep  cut 
at  the  mountain  ridge  and  on  to  Lake  Erie.  In  their  report,  sub- 
mitted to  the  Legislature,  on  March  25,  1826,  the  Canal  Commis- 
sioners say : 

The  first  admission  of  a full  head  of  Avater  upon  the  dam  and 
pier  at  Black  Rock,  and  into  the  canal  from  Buffalo  to  Lockport, 
put  to  the  test  of  actual  experiment  the  strength  and  solidity  of 
the  Avorks,  the  accuracy  of  the  levels,  and  the  practicability  of 
carrying  through  the  mountain  ridge  a supply  of  Avater,  Avhich 
AA'ould  be  adequate  to  the  Avants  of  the  canal,  during  the  dry 
season.  The  result  of  this  experiment  was  entirely  satisfactory. 

On  the  removal  of  the  temporaiw  dam  Avhich  had  been  thrown 
across  the  narroAvest  part  of  the  Black  Rock  basin,  the  water  rose 
Avithin  a feAv ‘inches  of  the  leA^el  of  the  lake,  and  floAving  into  the 
canal  beloAv,  gave  a depth  throughout  its  Avhole  extent  to  Lock- 
};Ort,  of  from  fiA^e  and  a half  to  six  feet  above  the  bottom  line  of 
the  canal  as  originally  located  by  David  Thomas. 

This  volume  of  water  draAvn  eastAAmrd  by  the  declivity  in  the 
canal,  of  one  inch  in  a mile,  Avill  I>e  sufficient  to  supply  the 
Rochester  level,  and  probably  the  canal  as  far  eastward  as  the 
Cayuga  marshes,  Avithout  any  aid  from  the  Genesee  river. 

The  event  marked  the  completion  of  the  original  Erie  canal, 
and  further  marked,  in  the  opinion  of  the  Canal  Commissioners, 
the  end  of  the  use  of  the  Genesee  river  as  a source  of  Avater  supply 
for  the  canal. 

We  are  now  able  to  discern  the  real  reasons  for  constructing 
the  Genesee  riA^er  feeder.  As  the  result  of  long  and  exhaustive 
examinations  the  Canal  Commissioners  adopted  the  settled  policy 
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of  not  depending  upon  the  waters  of  the  intersecting  streams 
in  the  western  part  of  the  State,  but  on  the  contrary  considered 
(and  the  judgment  of  the  present  day  justifies  them  in  their 
conclusions)  that  it  was  far  safer  to  depend  upon  the  unfailing- 
supply  which  could  be  derived  from  Lake  Erie  without,  as  stated 
in  their  reports,  ‘‘  any  injury  to  anybody.” 

It  is  clear,  that  the  Genesee  river  was  an  important  tem- 
porary source  of  supply  during  the  period  from  1822  to  1825, 
before  Lake  Erie  was  reached.  Although  it  is  evident,  when 
one  examines  the  documentary  evidence  in  detail,  that  even 
during  those  3^ears  the  canal  could  have  been  fully  supplied  with- 
out resort  to  the  Genesee  river.  The  question  arises  then,  why, 
if  the  Canal  Commissioners  considered  the  use  of  the  river  as  a 
feeder  at  an  end  in  1825,  they  did  not  close  the  channel  which 
had  been  constructed  from  the  canal  to  the  Genesee  river  in 
order  to  take  its  waters.  A decided  answer  to  this  question  is 
found  in  the  documents  already  cited,  from  which  it  appears 
that  the  one  main  object  of  constructing  a canal  feeder  at 
Rochester  was  to  open  up  a communication  between  the  river 
and  the  canal,  thereby  extending,  as  we  have  seen  the  benefits 
of  the  Stateks  system  of  internal  navigation  to  a large  and 
fertile  region.  The  reasons,  therefore,  why  the  Genesee  feeder 
was  originally  constructed  were 

1)  In  order  to  furnish  a temporary  supply  to  tlie  canal  during 
the  years  1828-24  and  1825,  while  the  canal  was  being  con- 
structed from  Rochester  west  to  Lake  Erie;  and 

2)  In  order  to  connect  the  canal  s^^stem  with  navigation  on 
the  upper  Genesee  river. 

On  an  examination  of  the  legislative  journals  for  the  years 
1828  to  1828  we  find  a number  of  petitions  from  citizens  of  the 
Genesee  valley  praying  tlie  legislature  to  improve  the  naviga- 
tion of  the  Genesee  river  to  the  south  of  Rochester. 

It  has  been  generally  assumed  that  the  Genesee  river  was 
declared  a public  highway  in  order  that  the  State  might  more 
thoroughly  control  its  waters  for  canal  purposes.  The  real 
object  was  merely  to  make  the  Genesee  river  a part  of  the  in- 
ternal navigation  system  of  the  State.  Such  declaration  did  not 
in  any  degree  give  to  the  State  the  right  to  divert  the  water  of 
the  stream  into  an  independent  channel  like  the  Erie  canal. 
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In  the  foregoing  discussion  it  has  been  shown  why  the  Genesee 
feeder  was  originally  constructed  and  why  after  the  completion 
of  the  canal  it  was  still  maintained  as  a part  of  the  canal  system 
for  the  purpose  of  assisting  internal  navigation  purely.  We 
will  now  proceed  to  show  how  this  state  of  fact  has  been  in 
later  years  made  the  basis  of  what  amounts  to  a claim  of  the 
right  to  take  the  entire  flow  of  the  Genesee  river  for  canal  pur- 
poses without  compensation  to  the  riparian  owners  as  well  as 
without  due  process  of  law. 

In  the  years  1824-26  it  appears  from  the  records  in  the  Canal 
Appraisers’  office  that  a large  number  of  awards  were  made  to 
different  parties  at  the  then  village  of  Rochester  and  vicinity 
for  damages  sustained  in  consequence  of  the  construction  and 
opening  of  the  Erie  canal. 

The  memorial  of  Jonathan  Childs,  George  Ketchum  and 
Richard  Gorsline,  which  was  presented  to  the  Appraisers  with 
their  bills  for  damages,  sets  forth  that  their  claim  is  specifically 
for  damages  during  the  years  1823,  1824  and  1825. 

They  say : 

If  we  thought  the  evil  of  which  we  complain  v^uld  be  per- 
petual we  should  ask  to  be  amply  remunerated  for  the  cost  or 
value  of  our  whole  sawmill  establishments,  but  we  hope  for  a 
better  state  of  things  in  relation  to  the  extensive  hydraulic  works 
upon  the  Genesee  river  at  Rochester,  and  we  therefore,  at  present, 
only  ask  that  these  certain,  specific  and  reasonable  profits  of  our 
business  of  which  we  have  been  deprived  by  the  act  of  the  State, 
and  which  are  set  forth  in  our  accounts,  be  paid  to  us. 

The  accounts  rendered  to  the  Board  of  Appraisers  by  these  gen- 
tlemen give  in  detail  the  damages  which  they  sustained  during 
the  years  indicated.  Richard  Gorsline,  in  his  bill  states  that  he 
has  been  damaged  in  1824,  by  reason  of  no  business  done  for 
want  of  water,  42  days ; in  1825,  92  days. 

Childs  & Ketchum  also  furnish  a statement  in  detail,  of  the 
damage  to  their  mill  by  reason  of  standing  still  for  lack  of  water 
at  the  same  time. 

From  a study  of  the  documents  in  detail  it  appears  clear  that 
Richard  Gorsline  and  Childs  & Ketchum  had  good  reason  to 
believe  that  the  diversion  of  the  waters  of  the  Genesee  river 
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for  the  use  of  the  Erie  canal  was  at  an  end  in  1825.  In  con- 
sequence of  that  belief  they  only  made  out  a bill  for  specific 
temporary  damages  sustained  during  the  years  while  the 
Genesee  riyer  water  was  used  as  the  sole  or  nearly  sole  source 
of  supply,  which  was  during  1822  to  1825  before  Lake  Erie  was 
reached. 

On  bills  rendered  as  stated  in  the  foregoing,  and  on  the  under- 
standing that  the  awards  were  for  temporary  diyersion  only, 
the  Canal  Appraisers,  in  1826,  awarded  damages  to  the  owners 
of  water  rights  at  Rochester,  as  follows: 


Childs  & Ketchum |140  00 

Richard  Gorsline  217  00 

Heryey  Ely  TOO  00* 

Heryey  Ely  1584  70 

William  Atkinson  1000  00 

William  Atkinson  1241  65 

E.  Peck 382  00 

A.  & S.  Caiqjenter 717  84 

H.  X.  & A.  R.  Curtis 1318  62 

Williams  & Whitney 275  00 

E.  kS.  Beach ' 1332  16 

E.  Johnson  and  heirs  of  O.  Seymour 300  00 

E.  Johnson  500  00 

Thos.  H.  Rochester  Co 1106  08 

Buck  & Lockwood 309  45 

E.  Gilbert  140  00 


Amount  |12,049  66 


So  far  as  can  be  learned  from  the  ayailable  records  the  fore- 
going sum  of  112,049.66  includes  all  that  has  eyer  been  paid  to 
the  owners  of  the  hydraulic  privileges  at  Rochester  on  account 
of  diversion  of  the  waters  of  the  Genesee  river  for  the  use  of 
the  Erie  canal. 

The  foregoing  list  includes  a list  of  the  original  proprietors  of 
the  Rochester  water  power  and  in  use  at  the  time  of  the  original 
construction. 

The  matter  of  payment  for  temporary  damage  at  Rochester  was 
a source  of  controversy  from  1826  to  1852,  in  which  year  Jacob 
Graves  and  others,  occupants  of  water  power  on  the  Genesee 
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river  at  Rochester,  filed  a memorial  with  the  Legislature  setting 
forth  their  grievance.  March  23,  1852,  a select  committee  of  the 
Assembly  reported  in  favor  of  a relief  act,  and  accordingly  chapter 
644  of  the  laws  of  1853  authorized  the  Canal  Appraisers  to  exam- 
ine and  report  upon  the  claims  of  Jacob  Graves  and  others  on 
account  of  diversion  of  water  from  Genesee  river.  In  February, 
1854,  the  Canal  Appraisers  presented  to  the  Legislature  their 
report  upon  the  claims  of  Jacob  Graves  and  others,  as  authorized 
by  chapter  644  of  the  laws  of  1853.  A majority  report  was  pre- 
sented by  Messrs.  D.  A.  Ogden  and  A.  H.  Calhoun  and  a minority 
report  by  William  J.  Cornwell,  these  gentlemen  constituting  the 
Board  of  Canal  Appraisers  of  that  day.  The  majority  report 
denies  the  petition  for  the  following  reasons: 

1)  The  vState  in  1822  took  possession  of  and  acquired  the  right 
and  title  to  so  much  of  the  waters  of  Genesee  river  as  was  then 
and  Avill  in  all  time  to  come  be  necessary  to  keep  the  Erie  canal 
in  navigable  condition,  reference  being  always  had  to  the  supply 
from  Lake  Erie  and  other  permanent  sources,  and  by  no  subse- 
quent act  has  the  State  abandoned  or  parted  with  the  title  thus 
acquired. 

2)  The  owners  and  occupants  of  water  rights  having  failed  to 
prosecute  their  claims  for  permanent  injury  under  the  act  of  1817, 
or  other  acts  subsequently  passed,  have  no  remedy  but  through 
the  Legislature. 

3)  There  are  equable  considerations  which  commend  most  of 
the  claimants  to  your  favorable  consideration. 

Mr  Cornwell  differed  in  his  minority  report  from  some  of  the 
conclusions  of  his  associates. 

The  Genesee  River  Company 

The  Legislature  authorized  the  construction  of  a reservoir  at 
Portageville  in  1898.  The  following  facts  are  given  in  regard  to 
the  compan}'^  authorized,  which  was  to  be  known  as  the  Genesee 
River  Company.  It  was  organized  to  develop  the  Tvater  power  of 
Genesee  river  to  its  fullest  extent. 

For  the  purpose  of  developing  the  water  power,  it  was  proposed 
to  construct  a large  storage  reservoir  at  Portageville,  fifty-seven 
miles  south  of  Rochester,  with  a capacity  of  15,000,000,000  cubic 
feet.  Such  a reservoir  will  make  a lake  fifteen  miles  long,  from 
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half  a mile  to  one  mile  wide  and  with  an  average  depth  of  sixty 
feet.  'As  shown  by  tables  Nos.  84  and  85,  it  would  control  the 
entire  flow  of  the  river  above  Portageville,  where  the  catchment 
area  is  1000  square  miles.  Detailed  statements  as  to  the  rainfall 
and  water  yield  of  Genesee  river  catchment  may  be  found  in  the 
writer’s  report  on  Genesee  river  storage  in  the  Keport  of  the 
State  Engineer  and  Surveyor  for  1896,  as  well  as  in  the  preced- 
ing  pages. 

Genesee  river  loaterpower.  The  waterpower  of  Genesee  river 
is  nearly  all  concentrated  in  six  heavy  falls.  Three  of  these  are 
within  the  limits  of  the  city  of  Rochester  and  three  are  at  Portage. 
The  total  descent  from  the  head  of  the  falls  at  Portage  to  the 
level  of  Lake  Ontario  is  833  feet,  of  which  262  feet  are  at 
Rochester  and  290  feet  at  Portage.  At  Mount  Morris  the  fall  is 
18  feet;  between  Mount  Morris  and  the  foot  of  the  lower  falls 
at  Portage,  210  feet;  the  balance  is  in  a reach  of  meandering  river 
between  Rochester  and  Mount  Morris  where,  aside  from  small 
powers  at  Geneseo  and  York,  there  are  no  opportunities  for 
developing  poAver. 

The  present  developed  poAver  on  the  stream  is  at  Rochester,. 
Geneseo,  York  and  Mount  Morris;  the  Genesee  canyon  and  Port- 
age falls  are  virgin  territory,  with  no  power  noAV  developed  on 
this  reach  of  the  stream.  With  this  storage  project  carried  out, 
nearl/ 26,000  gross  horsepower  may  be  developed  here. 

The  figures  on  page  590  shoAV  a total  of  57,223  gix)ss  horse- 
poAver  on  Genesee  ri\'er  from  Portage  to  Rochester.'  It  is  belieA^ed, 
lioAA^eA^er,  that  the  computations  for  storage  have  been  so  con- 
servatively made  that  it  will  yield  fully  60,000  gross  horsepower 
in  the  year  of  loAA^est  floAV.  The  tabulation  on  page  590  also  shows 
a total  at  Rochester  of  29,840  gross  horsepower  to  be  derived  from 
1000  cubic  feet  per  second  floAV.  This  total  is  based  on  a utiliza- 
tion of  the  entire  fall  of  262  feet.  Probably  this  is  impracticable 
and  28,620  gross  horsepoAver  may  be  taken  as  the  safe  figure  for 
a floAV  of  1000  cubic  feet  per  second.  HoAvever,  the  computations 
of  tables  Nos.  84  and  85  have  been  made  on  the  basis  of  80  cubic 
feet  per  second  to  the  Erie  canal,  but  under  the  neAV  conditions 
existing  in  1904,  with  the  barge  canal  authorized  and  the  entire 
Avater  supply  to  be  taken  from  Lake  Erie,  Ave  may  consider  the 
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A.  Measuring  weir  constructed  on  Genesee  river  above  Mount  Morris 

in  1890. 


B.  Former  timber  dam  on  Genesee  river  at  Mount  Morris. 
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additional  80  cubic  feet  per  second  as  available  for  producing 
power  at  Rochester.  With  this  understanding  there  will  be  pro- 
duced at  Rochester  somewhat  over  31,000  gross  horsepower  in  the 
year  of  minimum  flow.  For  ordinary  years  there  will  be  pro- 
duced several  thousand  horsepower  more  than  this. 

Rochester  is  a manufacturing  city  of  175,000  inhabitants.  The 
demands  for  power  are  large,  and  notwithstanding  full  develop- 
ment of  the  stream  in  its  present  state,  the  use  of  the  stream  is 
increasing  from  year  to  }^ear. 

Chapter  605  of  the  huvs  of  1898  incorporated  the  Genesee  River 
Company  and  conferred  the  necessary  powers  for  carrying  out  the 
project  in  detail. 

Plan  for  acquirhif/  irafcr  rlqlits.  During  the  several  years  of 
general  discussion  of  this  project  at  Rochester  various  plans  for 
acquiring  the  water  rights  have  been  formulated.  The  water 
rights,  as  they  now  stands  are  attached  to  real  estate,  but  it 
is  proposed  that  the  owners  deed  to  the  company  all  interest 
in  water  rights,  each  owner  retaining  his  real  estate.  The  deeds 
would  transfer  to  the  company  all  power  dams  and  head  races 
which  the  company  on  its  part  would  undertake  to  maintain, 
delivering  water  to  the  several  properties  at  the  race-wall,  pay- 
'ment  for  water  so  delivered  to  be  made  to  the  company  at  the 
rate  of  |10  per  year  per  gross  horsepower.  It  is  also  proposed 
to  limit  the  sale  of  water  to  present  owners  at  a price  of  |10  per 
year  per  gross  horsepower  to  present  necessities — that  is  to 
say,  to  about  18,000  to  20,000  gross  horsepower.  This  will  leave 
about  10,000  to  12,000  gross  horsepower  to  be  developed  at 
power  stations. 

Things  to  he  done  in  order  to  place  the  project  on  its  feet.  The 
first  thing  t©  be  done  is  to  make  a test  case  as  to  condemnation 
of  flowage  grounds.  The  act  authorizing  the  Genesee  River  Com- 
jRany  begins  with  a preamble,  wherein  it  is  stated: 

Whereas,  It  is  necessary  for  the  improvement  and  preserva- 
tion of  the  public  health,  for  the  checking  of  floods,  for  the 
furnishing  of  water  for  the  enlarged  Erie  canal,  and  for  the  sup- 
plying of  pure  and  wholesome  water  for  municipal  purposes,  that 
the  land  and  real  property  comprised  within  the  flowage  limits 
hereinafter  described  of  the  main  dam  or  reservoir  to  be  erected 
•on  the  Genesee  river  near  the  village  of  Portageville,  as  herein- 
after in  this  act  set  forth  and  provided  for,  should  be  taken  for 
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the  public  uses  aforesaid,  just  compensation  being  ascertained 
and  made  for  all  private  and  public  property  so  taken  as  in  this 
act  authorized. 

It  is  also  stated  that  in  the  judgment  of  the  Legislature,  the 
compensation  for  lands  condemned  should  not  be  paid  by  the 
State,  but  should  be  paid  by  and  through  the  corporation  created 
by  the  act. 

There  is  some  doubt  about  the  constitutionality  of  this  provi- 
sion, and  the  first  thing  to  be  done,  therefore,  is  to  test  its  con- 
stitutionality. For  this  purpose  a friendly  test  case  should  be 
brought  and  carried  to  the  court  of  last  resort. 

The  next  thing  is  to  take  options  on  the  water  rights  from  Lake 
Ontario  to  above  the  upper  falls  at  Portage.  There  are  about  one 
hundred  owners  in  all,  of  which  about  forty  are  at  Rochester. 
The  largest  owners  are  the  Rochester  Gas  & Electric  Company  at 
Rochester  and  William  P.  I^tchworth  at  Portage. 

The  act  of  incorporation  provides  for  condemnation  of  flowage 
ground  of  reservoir,  if  satisfactory  arrangements  can  not  be 
made  with  the  owners.  Before  such  proceedings  can  be  insti- 
tuted it  will  be  necessary  to  have  a map  of  the  flowage  ground, 
showing  what  area  is  to  be  taken  from  each  owner.  Such  a map 
should  be  made  at  once,  because  many  of  the  owners — probably' 
from  one-half  to  two-thirds  of  them — can  be  settled  with  without 
litigation.  In  order  to  accomplish  this  the  flow  line  needs  to  be 
determined  and  the  area  of  that  portion  of  all  farms  extending 
up  the  side  of  the  valley  above  the  flow  line  and  which  is  to  be 
taken  into  the  reservoir  carefully  computed.  This  survey  will  be 
the  basis  of  the  maps  required  by  law  to  be  filed  with  the  county 
clerk. 

The  Pennsylvania  railway  now  passes  through  the  middle  of  the 
proposed  reservoir  for  a distance  of  15  miles.  The  storage  plans 
include  a relocation  of  this  railway,  on  the  west  side  hill  well 
above  the  flow  line.  The  increase  in  manufacturing  and  growth 
of  population  at  Rochester  and  other  points  in  the  Genesee  val- 
ley, which  are  certain  to  follow  the  construction  of  the  Genesee 
river  storage,  will  naturally  incline  the  railway  officials  to  be 
favorable  to  the  project,  but  nevertheless  since  the  negotiation 
with  them  is  likely  to  consume  considerable  time,  it  should  be 
gotten  underway  as  soon  as  possible.  Indeed,  it  is  necessary 
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that  not  only  should  the  railway  negotiation  be  closed  and  the 
new  line  placed  under  construction,  but  all  rights  in  the  flow- 
age  ground  should  be  secured  before  beginning  construction  of 
the  dam.  This  is  because  the  plan  of  construction  proposed  in- 
volves the  possible  flooding  of  work  while  the  dam  is  in  process. 
It  is  obvious  that  should  such  flooding  occur  before  the  company 
had  secured  the  area  to  be  flooded,  very  heavy  damages  might 
accrue.  The  valley  to  be  flooded  is  broad  and  deep,  and  there 
might  even  be  loss  of  life.  There  is  no  other  way,  therefore, 
than  to  fully  acquire  the  flowage  ground  and  construct  a new 
line  of  railway  before  beginning  work  on  the  dam. 

With  the  foregoing  several  steps  taken,  the  next  thing  will 
be  to  finance  the  project.  Possibly  this  can  be  accomplished 
before  acquiring  flowage  ground  of  reservoir  and  right  to  remove 
railway,  although  it  is  considered  that  with  these  several  things 
fully  accomplished  the  financing  of  the  project  will  take  care 
of  itself. 

Assuming  that  the  necessary  rights  have  been  acquired  and 
the  finances  arranged,  the  next  step  will  be  to  construct  the 
dam  and  the  power  stations  at  Kochester,  together  with  any 
other  special  constructions  that  may  be  decided  on. 

Provided  the  matter  be  taken  up  actively  and  driven  along 
in  a businesslike  manner,  the  work  can  be  completed  and  the 
company  ready  to  deliver  power  in  from  four  to  six  years. 

The  foregoing  statement  of  things  necessary  to  be  done  before 
the  Genesee  River  Company  can  be  placed  on  its  feet  indicates 
that  a considerable  amount  of  money  must  be  invested  without 
being  absolutely  certain  that  the  project  will  finally  be  carried 
out,  and  on  presenting  this  phase  of  the  matter  to  capitalists 
no  one  has  thus  far  been  willing  to  invest  perhaps  |300,000  to 
1400,000  on  the  chance,  although  the  project  is  safe  enough 
if  one  has  a full  realization  of  all  the  benefits  to  be  derived. 

Description  of  the  Rochester  Water  Power 

The  following  gives  a brief  description  of  the  Rochester  water 
power  as  it  existed  in  1900. 

The  power  is  developed  at  four  dams.  The  first,  or  upper, 
one  of  these  is  known  as  the  Johnson  and  Seymour  dam.  It 
is  located  in  the  heart  of  the  city,  just  above  Court  street  bridge. 
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There  are  two  head  raceways  leading  therefrom — one  on  each 
side  of  the  river — which  are  entitled  to  equally  draw  one-half 
of  the  entire  flow  of  the  stream.  Equal  division  of  the  w'ater 
is  accomplished  by  providing  openings  of  the  same  size  on  both 
sides,  with  sills  set  at  same  elevation.  The  east  raceway  is 
known  as  the  Johnson  and  Seymour,  and  that  on  the  west  side 
as  the  Rochester,  Carroll  and  Fitzhugh  raceway.  The  fall  at 
these  two  raceways  is  usually  stated  at  19  feet,  although  in 
extreme  low  water  the  fall  from  water  surface  in  headrace  to 
tail-water  in  river  is  about  19.8  feet. 

At  the  brink  of  the  upper  falls  there  is  a second  dam,  which 
diverts  water  into  Brown’s  race,  on  the  west  side,  and  into 
the  raceway  of  the  Rochester  Power  Company  (now  owned  by 
Rochester  Gas  & Electric  Company)  on  the  east  side.  Brown’s 
race  is  entitled  to  H of  the  entire  flow  of  the  river  and  the 
Rochester  Power  Company’s  race  to  -irs-  The  fall  is  90  to  92 
feet. 

The  third  dam  is  at  the  middle  falls,  where  the  head  is  28  feet. 
The  Genesee  Paper  Compan}^  own  M of  the  entire  flow  of 
the  river,  and  the  estate  of  Charles  J.  Hayden  #0.  The  Gen- 
esee Paper  Company’s  holdings  cover  one-half  of  the  entire  flow 
to  be  applied  on  the  east  side  of  the  river,  and  iro-  to  be  applied 
on  west  side,  or  in  all,  as  just  stated.  The  -iu  owned  by 
the  estate  of  Charles  J.  Hayden  is  to  be  applied  on  the  west  side. 

The  fourth  dam  is  at  the  lower  falls,  where  the  total  head 
is  96  feet.  The  Brush  Electric  Light  Company  (Rochester  Gas 
& Electric  Company)  owns  the  entire  flow  of  the  river  at  this 
point. 

There  is  also  a fifth  waterpower  between  the  upper  and 
middle  falls,  which,  however,  has  never  been  developed,  but 
which  should  be  acquired  as  a guarantee  against  future  develop- 
ment by  parties  other  than  tlie  Genesee  River  Company.  A 
power  of  a few  feet  head  could  also  be  developed  below  what 
is  known  as  the  feeder  dam  in  the  south  part  of  the  city. 

As  developed  in  1900  the  waterpower  of  Rochester  was  divided 
as  follows : 

Feet  Per  cent 

Fall  No.  1 — Johnson  and  Seymour  dam. . 19.8  8.39 

Fall  No.  2— Upper  fall  of  Genesee  river . . 92.2  39.07 
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Foot  Per  cent 

Fall  No.  3 — Middle  fall  of  Genesee  river.  28.0  11.86 

Fall  No.  4 — ^Lower  fall  of  Genesee  river.  . 1)6.0  40.68 


Total  236.0  100.00 


The  foregoing  total  of  236.0  feet  head  does  not  incdude  the 
undeveloped  power  referred  to  above. 

The  Rochester  waterpower  is  subdivided  among  the  raceways 


as  follows: 

Per  cent 

Johnson  and  Seymour,  i/o  flow  or  river 4.195 

Rochester,  Carroll  and  Fitzhugh,  flow  of  river.  . . . 4.195 

Brown’s  race.  If  flow  of  river 36.312 

Rochester  Power  Compan}^,  flow  of  river 2.758 

Genesee  Paper  Company,  ||  flow  of  river 10 . 081 

Estate  of  C.  J.  Hayden,  flow  of  river 1.779 

Brush  Electric  Light  Coni])any,  entire  flow  of  river. . . 40.680 

Total  100.000 


Owing  to  litigations  and  unsettled  rights,  there  is  a slight 
uncertainty  as  to  exact  proportion  of  flow  some  of  the  race- 
ways are  entitled  to.  This,  however,  is  not  material  so  far  as 
]>resent  conditions  are  concerned.  Obviously,  if  the  property 
should  all  come  into  the  possession  of  one  owner,  all  questions 
as  to  quantity  of  water  due  to  any  particular  raceway  are  elimi- 
nated. The  Genesee  River  Compari}^  will  naturally  arrange  its 
business  on  such  a basis  as  best  to  supply  its  clients  with  water 
and  power. 

The  selling  price  of  the  water  rights  at  the  various  raceways  in 
1900  was  as  follows : 

Johnson  and  Seymour  raceway.  As  stated  in  the  foregoing,  the 
Johnson  and  Seymour  raceway  is  entitled  to  % the  flow  of  the 
river.  The  water  rights  are  divided  into  19  first  rights  and  32^/2 
second,  third  and  fourth  rights. 

First  rights  are  based  upon  a flow  of  9500  cubic  feet  per  minute 
in  the  raceway.  All  share  equally  until  the  flow  is  reduced  to  this 
figure,  when  the  19  first  rights  take  it,  all  sharing  equally. 

The  value  of  the  water  rights  on  this  raceway  have  been  fixed 
in  effect  by  a court  decree,  whereby  first  rights  are  valued  at 
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13000,  second  rights  at  ^1800,  third  rights  at  fllOO  and  fourth 
rights  at' 11000.  The  total  value  of  the  water  rights  on  this  race- 
way becomes,  therefore,  |103,350. 

Rochester,  Carroll  and  Fitzhugh  raceway.  This  raceway  is  also 
entitled  to  % of  the  entire  flow  of  the  river.  The  water  rights 
are  divided  into  76  first  rights,  which  have  been  valued  at  about 
$1000.  The  last  sale  was  in  1876,  when  the  city  of  Rochester  paid 
$1500  apiece  for  two  rights  which  it  owns  on  this  raceway.  As- 
suming the  same  average  value  for  this  raceway  as  the  decreed 
value  on  the  Johnson  and  Seymour  raceway  and  the  price  per 
water  right  becomes  $1360,  or  |103,360  for  the  whole. 

Brown's  raceway.  This  raceway  is  on  the  west  side  of  the  Gene- 
see river,  receiving  its  water  supply  from  the  dam  just  above  the 
upper  falls.  Under  the  terms  of  certain  partition  deeds  and  court 
decisions  Brown’s  race  is  entitled  to  receive  -Jf  of  the  entire 
flow  of  the  river.  The  water  rights  are  divided  into  79  first  rights. 
A water  right  on  this  raceway  is  therefore  irs  of  the  flqw  of  the 
river.  There  have  been  a number  of  transfers  of  water  rights  on 
this  raceway,  the  selling  price  ranging  from  |3000  to  $4000  per 
right.  In  1873  the  city  of  Rochester  paid  |16,500  for  three  water 
rights  and  a mill  lot  on  this  raceway.  The  lot  is  50  feet  front,  and 
may  be  valued  at  that  time  at  |4500,  leaving  |4000  as  the  value 
per  water  right.  Since  1873  one  or  two  water  rights  on  this  race- 
way are  stated  to  have  been  sold  at  from  $3000  to  |3500,  but  at 
the  present  time,  so  far  as  known,  they  are  all  held  at  |4000  per 
right,  or  more.  Even  at  this  price  they  are  proportionately  much 
cheaper  than  water  rights  on  the  Johnson  and  Seymour  or  Roches- 
ter, Carroll  and  Fitzhugh  raceways.  To  prove  this  we  will  consider 
that  1081  gross  horsepower  on  Johnson, and  Seymour  raceway  is 
valued,  according  to  a court  decision,  at  |103,350,  or  at  |95.60  per 
gross  horsepower.  (This  price  assumes  1000  cubic  feet  per  second 
in  the  river.)  On  Brown’s  race,  where  a water  right  may  be  taken 
at  8-5jof  1000  cubic  feet  per  second  on  92  feet  fall,  the  power  of 
a water  right  amounts  to  121.6  gross  horsepower.  At  the  price  of 
$4000  per  water  right,  the  price  per  gross  horsepower — on  the 
basis  of  1000  cubic  feet  per  second  in  the  river — becomes  there- 
fore $32.89.^  If  we  compute  the  price  per  gross  horsepower  on 

of  1,000  cubic  feet  per  second  equals  11.765  cubic  feet  per  second, 
which  is  the  amount  of  water  each  right  is  entitled  to  when  there  are  1,000 
cubic  feet  per  second  in  the  river. 
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the  basis  of  |3000  per  water  right,  and  further  assume  that  the 
extreme  low-water  flow  is  200  cubic  feet  per  second,  the  value  for 
permanent  power  becomes  |120.35,  while  at  |4000  per  water  right 
it  becomes  |164.45  per  gross  horsepower. 

At  the  present  time  water  rights  on  Brown’s  race  are  about  as 
valuable  for  business  purposes  as  those  on  the  Johnson  and  Sey- 
mour and  Rochester,  Carroll  and  Fitzhugh  raceways.  Hence,  at 
f4000  per  water  right.  Brown’s  race  is  cheap  waterpower  even 
under  present  adverse  conditions  of  low  summer  flow  of  at  times 
only  about  200  cubic  feet  per  second  or  even  less. 

Rochester  Power  Compamfs  raceway.  This  raceway  is  on  east 
side  of  Genesee  river,  at  upper  falls.  It  is  entitled  to  /s'  of  the 
entire  flow  of  the  river,  being  the  balance  of  the  flow  not  taken  into 
Brown’s  race.  This  power  is  now  owned  by  the  Rochester  Gas 
& Electric  Company,  having  been  purchased  by  that  company 
a few  years  ago.  The  purchase  price  is  not  known.  On  the 
same  basis  as  on  Brown’s  race,  the  waterpower  would  be  worth 
118,000.  As  a matter  of  fact,  however,  it  is  probably  now  valued 
much  higher  than  this. 

The  Genesee  Paper  Company  and  estate  of  Chas.  J.  Hayden. 
This  waterpower  comprises  the  entire  flow  of  the  Genesee  river  at 
the  middle  falls,  where  the  head  is  28  feet.  The  Genesee  Paper 
Company  owns  ^ of  the  entire  flow  of  river  and  the  estate  of 
Charles  J.  Hayden,  #o-.  With  1000  cubic  feet  per  second  flow, 
the  gross  horsepower  at  the  middle  falls  is  3180.  Of  this,  2703 
gross  horsepower  pertain  to  the  Genesee  Paper  Company’s  power 
and  477  to  the  Hayden  estate.  The  Genesee  Paper  Company  offers 
its  water  rights  at  |125,000,  or  |200,000  for  the  whole  property, 
which  includes  a number  of  not  very  valuable  buildings  and 
several  acres  of  land.  At  |125,000  for  the  Genesee  Paper  Com- 
pany’s water  rights,  the  price  per  gross  horsepower,  on  a basis 
of  1000  cubic  feet  per  second  flow,  becomes  |46.24.  At  this 
price  the  total  value  of  the  water  rights  at  the  middle  falls  is 
|147,043.  It  is  considered  that  the  balance  of  property  of  the 
Genesee  Paper  Company  is  worth  the  price  asked,  namely,  $75,000. 

The  property  of  the  Genesee  Paper  Company  was  sold  to  the 
Rochester  Gas  & Electric  Company  in  February,  1900. 

Brush  Electric  Light  Company's  power  at  lower  falls.  This 
company,  which  was  absorbed  a few  years  ago  by  the  Rochester 
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Gas  & Electric  Company,  owns  the  entire  flow  of  the  Genesee  river 
at  the  lower  falls,  where  the  head  is  96  feet.  With  1000  cubic 
feet  per  second  flow  there  may  be  developed  at  this  place  10,903 
gross  horsepower.  At  the  same  rate  as  computed  above  for  the 
Genesee  Paper  Company’s  water  rights — on  the  basis  of  that 
company’s  actual  offer  of  |125,000 — the  total  value  of  the  Brush 
Electric  Light  Company’s  water  rights  is  found  to  be  |504,155. 

Undeveloped  poicer  hetweeu  upper  and  middle  falls.  So  far  as 
known,  no  price  has  ever  been  placed  upon  the  undeveloped 
waterpower-  between  the  upper  and  middle  falls.  A low  water- 
power with  10  feet  head  can  be  developed  here  capable  of  fur- 
nishing, witii  1000  cubic  feet  per  second  flow,  about  1136  gross 
horsepower.  There  is  also  a possibility  of  developing  seven 
feet  head  between  the  feeder  dam,  in  the  south  part  of  the  City  of 
Kochester,  and  Johnson  and  Seymour  dam,  of  which  the  power 
may  be  taken  at  795  gross  horsepower. 

The  foregoing  values,  it  must  be  remembered,  are  based  upon 
water  rights  merely — they  do  not  include  lands  and  buildings. 
The  proposition  is  to  purchase  water  rights  and  lease  back — 
as  one  main  consideration  for  selling — water  in  the  raceways. 

Estimated  east  of  water  rights  at  Roehester.  We  will  now  make 
an  estimate  embodying  the  preceding  information  as  to  the  value 
of  the  Rochester  Avater  rights. 


Johnson  and  Seymour  raceway |103,350  00 

Rochester,  Carroll  and  Fitzhugh  raceway 103,360  00 

Brown’s  race 316,000  00 

Rochester  PoAver  Company’s  race 24,000  00 

Middle  falls  (Genesee  Paper  Co.,  etc.) 147,043  00 

Lower  falls  (Brush  Electric  Light  Co.) 504,155  00 

UndeA'eloped  poAver  20,000  00 


Sum  11,217,908  00 

Add  for  contingencies 282,092  00 


Total 11,500,000  00 


The  foregoing  is  the  basis  of  the  statement  that  a fair  value 
for  the  Rochester  water  rights  is  |1, 500,000. 
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The  following  are  the  approximate  quantities  of  ijermanent 
power  in  gross  horsepower  which  may  be  realized  at  Rochester 


from  a flow  of  1000  cubic  feet  per  second : Gross 

horsepower 

Johnson  and  Seymour  raceway 1,081 

Rochester,  Carroll  and  Fitzhngh  raceway 1,081 

Upper  falls  10,448 

Middle  falls 3,180 

Lower  falls  10,90J 

Undeveloped  1,931 

Total  28,624 


The  total  theoretical  power  is,  as  stated  on  a previous  page, 
28,840  gross  horsepower,  which  under  the  conditions  of  1904, 
may  be  taken  at  over  31,000  gross  horsepower. 

Why  the  gross  horsepower  has  been  adopted  as  the  unit  of  power. 
The  unit  of  power  adopted  is  the  gross  horsepower — that  is,  the 
theoretical  power  produced  by  a given  quantity  of  water  falling 
through  a given  space.  The  reasons  for  adopting  this  unit  are  as 
follows ; Water  is  easy  to  measure,  while  the  actual  power  pro- 
duced by  water  wiieels — that  is,  the  net  power — is  difficult  to 
measure.  Again,  the  efficiency  of  water  wheels  varies  greatly,  the 
best  modern  wheels  yielding  from  about  70  per  cent  to  75  per 
cent  of  the  theoretical  power  of  the  water.  On  the  other  hand, 
many  of  the  cheaper  wheels  do  not  yield  more  than  40  per  cent 
to  50  per  cent.  With  the  gross  horsepower  adopted  as  the  unit, 
the  onus  of  getting  the  largest  possible  net  power  out  of  the  given 
quantity  of  water  is  thrown  where  it  belongs,  namely,  on  the  user. 
On  any  other  basis  there  would  be  an  uncertainty  as  to  the  quan- 
tity of  water  contracted  for,  with  its  attendant  disputes. 

Quantity  of  tvater  per  gross  liorsepoioer.  The  following  are  the 
quantities  of  water  per  gross  horsepower  on  the  several  developed 


powers  at  Rochester : 

t 

Head 

Quantity 
of  water  in 
cubic  feet 
per  second 
per  gross 

Name  of  dam 

in  feet 

horsepower 

Johnson  and  Seymour 

19 

0.4630 

Upper  falls 

92 

0.0957 

Middle  falls 

28 

0.3140 

Lower  fa  IDs 

96 

0.0917 
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Storage  Reservoir  on  Salmon  River  West 

In  1898  the  Board  of  Engineers  on  Deep  Waterways  extensively 
considered  a reservoir  on  Salmon  river,  just  above  High  Falls,  as 
one  of  the  feeders  of  the  proposed  deep  waterway.  The  object  of 
the  reservoir  was  to  provide  storage  within  reasonable  distance 
of  the  main  deep  waterway  so  that  in  case  of  temporary  stoppage 
of  the  main  feeder  to  the  north,  water  could  still  be  supplied  to 
the  canal.  The  feeder  crosses  Salmon  river  a short  distance  below 
the  proposed  reservoir.  The  ordinary  elevation  of  the  water  sur- 
face of  Salmon  river  just  above  the  proposed  dam  near  High 
Falls  is  approximately  897  feet,  the  flats  at  the  side  being  a little 
above  900  feet.  The  water  surface  elevation,  as  proposed  for  the 
reservoir,  was  953  feet.  The  total  rise  of  water  surface  at  or  near 
the  dam  was  therefore,  roundly,  56  feet.  In  addition  to  the  main 
barrage  there  were  three  dikes,  the  first,  cutting  off  a narrow, 
lateral  valley  near  the  lower  end  of  the  reservoir,  while  the  second 
and  third,  to  the  south  of  the  village  of  Redfield,  were  in  a broad, 
nearly  level,  somewhat  swampy  plain,  where  a comparatively 
small  rise  would  throw  Salmon  river  water  over  into  the  catch- 
ment of  ^lad  river,  a tributary  to  the  west  branch  of  Fish  creek. 

The  volume  and  area,  as  determined  by  the  surveys,  are  as 
follows : . TT  , 

Area,  Volume, 

Elevation  in  square  miles  in  cubic  feet 

910 1.619  0 

930  4.481  1,700,582,400 

950...: 7.356  5,000,688,000 

960  8.458  7,205,447,400 


Elevation  910  was  taken  as  the  base  of  the  sections,  the  volume 
below  that  level  being  neglected  except  that,  in  order  to  obtain 
a rounded  quantity  of  7,500,000,000  cubic  feet  for  the  volume  at 
elevation  960,  we  may  take  the  volume  below  910  as  294,523,000 
cubic  feet,  a quantity  well  within  the  volume  shown  by  the  sur- 
veys and  maps.  On  this  basis  we  have  the  following  tabulation : 


Area,  Volume, 

Elevation,  in  feet  in  square  miles  in  cubic  feet 

900  0.486  0 

910  1.619  294,523,000 

930  4.481  1,996,105,000 

950  7.356  6,295,211,000 

960  8.458  7,500,000,000 
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The  small  hamlet  of  Redfield  is  the  only  village  within  the  area 
to  be  flooded.  The  lands  to  be  taken  include  a considerable  pro- 
portion of  swamp  and  timber  area,  from  which  the  valuable 
timber  has  been  mostly  cut.  The  balance  of  the  area  is  not 
valuable,  and  this  reservoir,  as  a whole,  is  considered  to  present 
favorable  conditions  for  taking  such  an  area.  There  is  one  ceme- 
tery to  be  removed  at  Kedfield. 

In  the  Keport  of  the  State  Engineer  and  Surveyor  for  1895  it 
is  shown  in  the  report  of  the  upper  Hudson  storage  surveys  that 
reservoirs  for  storing  water  in  the  Adirondack  region  may  be 
developed  up  to  a storage  of  13.5  inches  on  the  tributary  catch- 
ment area  for  a runoff  like  that  of  Hudson  river.  Since  meteoro- 
logical conditions  on  the  Salmon  river  are  substantially  the  same 
as  on  the  Hudson,  there  is  no  reason  why  the  argument  made  in 
the  Hudson  storage  report  may  not  apply  here.  Taking,  then,  the 
Hudson  report  as  a part  of  this  discussion,  so  far  as  necessary 
to  coter  the  argument  for  reservoirs  developing  a storage  of  13.5 
inches  on  a catchment  area  subject  to  a runoff  like  that  of  the 
northern  plateau  of  New  York,  we  may  state  the  general  problem 
in  this  way : Having  a reservoir  of  a given  area  and  volume, 

with  a tributary  catchment  area  of  190.5  square  miles,  it  is  re- 
quired to  find  how  much  water  can  be  reasonably  expected  to  be 
collected  from  the  catchment,  stored  in  the  reservoir,  and  drawn 
from  it  during  a dry  year,  or  during  a series  of  such  years. 

The  water  collected  and  stored  in  the  Salmon  river  reservoir 
during  the  entire  year  may  be  drawn  from  it  in  three  ways,  as 
follows : 

1)  By  evaporation  from  the  surface  of  the  reservoir. 

2)  By  supplying  a certain  fixed  quantity  to  Salmon  river  below 
the  dam  during  the  entire  year. 

3)  By  feeding  the  canal  during  the  months  of  May,  June,  July, 
August,  September,  October  and  November. 

There  will  also  be  a slight  outgo  by  percolation,  leakage,  etc. 
which  may  be  neglected  here. 

The  catchment  areas  of  the  iSalmon  river  and  the  upper  Hudson 
being  of  the  same  general  character  as  regards  proportion  of  for- 
ests and  annual  rainfall,  it  is  reasonable  to  estimate  that  the  run- 
offs from  the  two  streams  will  be  substantially  equal;  hence,  the 
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Hudson  river  data  are,  in  the  absence  of  extended  gagings  of 
Salmon  river,  taken  as  applying  to  this  stream. 

In  the  following  tabulation  we  have  the  evaporation  for  the 
months  of  a water  3'ear  as  computed  in  inches  on  the  Salmon 
river  catchment  area  for  the  actual  reservoir  area: 


December 0.043 

January 0.020 

February  0.021 

March  0.053 

April 0.104 

May 0.182 

June  0.221 

July 0.192 

August  0.212 

Septembei'  0.160 

October  0.115 

November  0.057 


In  designing  a storage  reservoir  the  stream  is  entitled  tO'  some 
water  at  all  seasons  of  the  year,  and  computations  of  effective 
storage  should  be  made  with  reference  to  allowing  a definite 
quantity  of  water  to  go  constantly  to  the  stream.  From  this 
point  of  view  it  is  necessary  to  decide  on  some  mean  fiow  below 
which  the  stream  shall  never  be  allowed  to  fall.  This  is  done 
in  the  interests  of  water-power  plants  already  located  on  the 
stream,  fisheries,  etc.  In  the  Hudson  report  the  quantity  fixed 
upon  for  storage  in  the  upper  Hudson  catchment  area  is  0.5 
inch  per  month.  In  cubic  feet  this  amounts  to  0.45  cubic  foot 
per  second  per  square  mile  for  a month  of  thirty  days.  This 
quantity  may  be  used  in  the  case  of  the  S^almon  river  reservoir. 
With  0.45  cubic  foot  per  second  per  square  mile  always  flowing 
away  from  the  regulated  catchment  area,  we  would  have  in  the 
stream  just  below  the  Salmon  river  dam  about  87  to  88  cubic  feet 
per  second,  which  was  approximately  the  observed  low-water  flow 
in  the  summer  of  1898.^ 

^Also  see  a statement  on  a following  page  in  regard  to  uniform  supply 
allowed  to  flow  from  the  Hudson  reservoirs. 
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The  following  tabulation  shows  the  state  of  the  reservoir  at 
the  beginning  and  end  of  each  navigation  season,  from  Decem- 
ber 1,  1891,  to  November  80,  1898,  inclusive: 


Inches 

Date  in  reservoir 

December  1,  1891 Empty 

May  1,  1892 ^13.50 

December  1,  1892 11.07 

May  1,  1893 *13.50 

December  1,  1893 5.62 

May  1,  1894 *13.50 

December  1,  1894 6.61 

May  1,  1895 ^ *13.50 

December  1,  1895.  5.19 

May  1,  1896 *13.50 

December  1,  1896 8.12 

May  1,  1897 *13.50 

December  1,  1897 11.94 

May  1,  1898 *13.50 

December  1,  1898 10.86 


Tlie  quantity  wasted  from  the  Salmon  river  reservoir  in  the 
Avater  years  1892-1898,  inclusi\^e,  is  as  follows:  In  1892,  9.93 
inches;  in  1893,  9.36  inclies;  in  1894,  2.93  inches;  in  1895,  0.30 
inches;  in  1896,  4.30  inches;  in  1897,  11.51  inches;  in  1898,  13.64 
inches. 

Tables  are  given  in  the  Rej)ort  of  the  Board  of  Engineers  on 
Deep  WaterAvays  similar  to  those  for  the  Genesee  storage,  shoAV- 
ing  the  quantity  of  water  which  may  be  furnished  from  this 
reservoir  during  a series  of  years.  In  the  absence  of  definite 
information  derived  from  gagings,  the  infloAv  to  this  reservoir  is 
taken  the  same  as  the  runoff  of  the  Hudson  river,  although  there 
is  some  reason  for  believing  that  the  runoff  of  the  Salmon  river  is 
someAvhat  larger  than  that  of  tlie  Hudson  riAer.  On  the  head- 
waters of  Salmon  river  and  Fish  creek,  there  is  a body  stated 
at  about  150,000  acres  (234  square  miles)  of  unbroken  forest, 
and  while  aside  from  some  irregular  gagings,  nothing  is  known 
as  to  the  flow  of  these  streams,  the  indications  are  that  it  is 
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large.  G agings  were  begun  on  Salmon  river  in  November,  1898. 
The  record  shows  that  in  April,  1899,  12.8  inches  ran  off,  and 
that  the  total  runoff  of  the  storage  period,  December,  1898,  to 
May,  1899,  inclusive,  was  25.2  inches.  The  writer  had  some 
doubt  about  this  record  at  the  time  it  was  taken,  although  later 
observations  seem  to  indicate  that  it  may  have  been  correct. 

The  ruuofl:  of  the  east  branch  of  Fish  creek  at  Point  Rock  begun 
in  September,  1898,  and  continued  until  May,  1899,  is  also  very 
large.  The  record  shows  that  in  April,  1899,  8.0  inches  ran  off. 
The  writer's  recollection  is  that  the  flow  was  larger  than  appears 
in  the  record  both  on  Fish  creek  and  Salmon  river,  but  was 
cut  down  somewhat  because  of  the  uiiwilliiiguess  to  assume  that 
these  large  runoffs  were  right.  Further  consideration  seems  to 
indicate  that  they  may  perhaps  have  been  true,  and  it  is  unfor- 
tunate that  gagings  have  not  been  kept  up  continuously  from 
that  time  to  the  present  in  order  to  settle  this  question  of  large 
runoff.  The  catchment  of  the  east  branch  of  Fish  creek  joins  that 
of  Salmon  river  on  the  east. 

The  figures  given  in  the  Deep  Waterways  report  show  that  the 
proposed  Salmon  river  reservoir  will  have  a flood  area  of  water 
surface  of  8.46  square  miles,  storing  with  this  water  surface  about 
7,500,000,000  cubic  feet,  or  storing  temporarily' on  the  catchment 
area  16.95  inches.  The  tables  also  show  that  300  cubic  feet  per 
second  may  be  delivered  to  the  canal  during  the  navigation  season 
and  still  leave  some  surplus  in  the  reservoir.  These  computations 
are  on  the  basis  of  the  Hudson  river  gagings;  in  case  it  turns  out 
later  on  that  the  flows  of  the  Salmon  river  are  larger  than  those  of 
the  Hudson,  more  than  300  cubic  feet  per  second  can  be  furnished. 

In  designing  the  reservoirs  for  the  supply  of  the  proposed  deep 
waterways  it  was  deemed  desirable  that  there  'be  considerable  con- 
tingency; thus,  in  the  'Salmon  river  reservoir,  the  quantity  still  in 
the  reservoir  at  the  end  of  1895  is  5.19  inches  on  the  catchment 
area,  or  about  2,250,000,000  cubic  feet. 

An  estimate  of  the  cost  of  this  reservoir  and  of  the  other  works 
on  the  deep  waterways  was  made  in  detail.  The  total  cost  of  the 
Salmon  river  reservoir  was  estimated  in  1899  at  |1,350,000.  Prob- 
ably, in  1904,  it  would  cost  about  25  per  cent  more,  or  perhaps 
11,678,500.  At  the  latter  rate,  the  cost  per  1,000,000  cubic  feet  of 
storage  becomes  |233. 
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Storage  Reservoir  on  Black  River 

This  project  has  been  mentioned  in  the  general  statements  on 
page  572.  It  includes  the  construction  of  a main  barrage  across 
Black  river  at  the  village  of  Carthage.  From  this  point,  for 
nearly  thirty  miles  south,  Black  river  meanders  through  a broad, 
nearly  level  valley,  in  one  place  about  five  miles  in  width,  but 
gradual^  narrowing  to  a width  of  about  one-half  mile  in  the 
upper  portion. 

In  the  estimates  the  total  quantity  of  land  is  taken  at  50,000 
acres,  of  which  49,200  acres  are  agricultural,  timber  and  wild 
lands,  and  800  acres  are  villages.  The  area  fiooded  at  elevation 
of  spillway  crest  is  73.2  square  miles  and  at  10  feet  above  it  is 
nearly  78  square  miles. 

The  catchment  area  of  Black  river  at  Carthage  is  1812  square 
miles.  In  addition  to  the  main  barrage  across  the  channel  of 
Black  river  there  are  seven  dykes  to  be  constructed  in  the  vicinity 
of  Carthage  across  lateral  valleys.  The  project  also  includes  the 
relocation  of  nearly  twenty  miles  of  the  New  York  Central  & 
Hudson  river  railway  (Rome,  Watertown  & Ogdensburg  division), 
together  with  the  raising  of  several  miles  of  the  same  with- 
out change  of  the  present  location;  the  construction  of  three 
highways  across  the  reservoir  to  take  the  place  of  existing  high- 
ways; the  reconstruction  of  highways  along  the  margins;  the 
partial  or  complete  removal  of  the  villages  of  Beaver  Falls, 
Bushee’s  Landing,  Carthage,  Castorland,  Dadville,  Deer  River, 
East  Martinsburg,  Glenfield,  Lowville,  Naumburg,  New  Bremen 
and  Watsons.  At  Carthage  and  Lowville  the  submerged  areas 
are  relatively  unimportant  parts  of  the  town.  Several  of  the 
smaller  villages  are  entirely  submerged,  while  others  are  only 
partially  submerged. 

There  are  eight  cemeteries  within  the  limits  of  the  fiow  line, 
including  26.2  acres  area.  Three  of  these  are  small  family  bury- 
ing places,  while  the  others  are  used  by  the  communities  living  in 
the  vicinity. 

There  are  807  dwellings,  14  common  schoolhouses  and  9 
churches  within  the  flow  line.  The  work  also  includes  17.2  miles 
of  new  common  roads  in  addition  to  the  three  highway  crossings 
over  the  reservoir  previously  mentioned. 
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At  pi*esent  there  are  five  bridges  over  Black  river  between 
Carthage  and  L\x)n  Falls,  namely:  Castorland,  1;  lA)wville,  2; 
(llenfield,  1,  and  Gi-eig,  1.  These  three  new  crossings  will  fairly 
accommodate  the  traffic  of  the  region. 

According  to  the  Black  river  canal  levels,  the  crest  of  the  KState 
dam  at  Carthage  is  at  an  elevation  of  723.53  feet  above  tidewater, 
while  the  water  surface  at  Lyon  Falls,  42.5  miles  distant  by  the 
meander  of  the  river,  is  735.65.  At  present  the  slack-water  navi- 
gation from  Lyon  Falls  to  Carthage  is  made  by  two  dams  with 
locks,  one  at  Otter  creek  with  a lift  of  about  4 feet  and  one  at 
Bushee’s  Landing  with  a lift  of  about  4.5  feet.  From  Lyon  Falls 
the  Black  river  canal  rises  to  the  Boonville  summit,  where  the 
elevation  of  the  summit  level  is  1126.96  feet  above  tide  in  a dis- 
tance of  ten  miles.  From  Boonville,  Black  river  canal  drops 
down  to  Erie  canal  level  at  Rome,  a distance  of  25  miles. 

That  portion  of  Black  river  valley  within  the  flow  line  of  the 
proi>osed  reservoir  presents  a considerable  diversity  of  soil.  In 
the  lower  portion  the  soils  to  the  east  of  the  river  are,  in  a large 
degree,  sandy  and  of  very  little  value  for  agriculture,  while  on 
the  west  side  there  are  considerable  areas  of  valuable  bottom 
meadows.  To  the  east  and  southeast  of  Carthage  there  are  also 
extensive  areas  almost  entirely  covered  with  rock  and  of  very 
nominal  value.  The  following  notes  are  cited  as  showing  the  value 
of  these  lands.  All  these  statements  are  as  per  the  assessors’ 
books  for  1899. 

In  the  town  of  Jlenmark  the  assessors  state  that  hill  farms 
are  valued  at  |20  per  acre,  flats  at  from  |60  to  |70.  These  the 
assessors  consider  to  be  nearly  full  values. 

In  the  town  of  Croghan  the  assessors  value  the  best  farms  in 
the  flats  at  |37  per  acre,  and  other  lands  at  from  |6  to  |25  per 
acre;  the  rock  and  sand  areas  at  from  |2  to  |5  per  acre. 

In  the  town  of  New  Bremen  the  equalized  assessed  value  per 
acre  for  the  whole  township  is  |8.25.  The  assessors  state  that 
this  is  about  60  per  cent  of  value.  On  this  basis  the  average 
value  of  lands  in  that  township  becomes  |13.75  per  acre. 

In  Greig  township  the  assessors  state  that  good  river  flats 
are  assessed  at  |25  per  acre;  sandy  flats  at  from  |6  to  |7  per 
acre;  the  best  stony  land  at  |12  per  acre;  poor  stony  land  at 
|7  per  acre,  and  swamps  at  |.50  per  acre. 


HYDROLOGY  OF  NEW  YORK 


G19 


In  Martinsburg  township  the  best  flat  lands  are  assessed  at 
from  |30  to  |35  per  acre;  swamps  at  |1  per  acre.  The  equalized 
value  per  acre  in  this  township^  as  per  supervisors’  equalization 
table  for  1898,  is  122.05. 

In  Lowville  township  river  flats  and  all  lands  between  the  New 
York  Central  & Hudson  river  railway  and  the  river  are  assessed 
at  |50  per  acre.  The  equalized  value  in  this  township  is  |66.50. 

In  the  town  of  Turin  flats  are  assessed  at  |40  per  acre,  and 
lands  on  the  flrst  bench  above  the  flats  at  |30  per  acre. 

Keferring  to  the  supervisors’  equalization  table  in  the  Proceed- 
ings of  the  Poard  of  Supervisors  of  Lewis  county  it  is  learned 
that  the  total  assessed  area  in  Lewis  county  is  754,488  acres,  on 
which  the  assessors  place  a total  value  of  |8,834,204.  At  this 
rate  the  average  price  per  acre  for  the  whole  county  becomes 
111.71. 

The  total  value  of  the  50,000  acres  of  land  to  be  taken  for 
the  Black  river  reservoir  is  estimated  at  |1,876,000.  By  way  of 
showing  that  this  is  an  ample  estimate  we  may  consider  that 
while  50,000  acres  is  only  about  one-flfteenth  of  the  total  area 
of  Lewis  count^^,  the  estimated  value  of  |1,876,000  is  about  one- 

fifth  of  the  total  valuation  of  the  county;  that  is  to  say,  the 

\ 

estimated  value  of  the  lands  to  be  taken  is  nearly  three  times 
the  average  value  of  the  lands  of  the  whole  county.  The  lands 
to  be  taken  include,  however,  some  of  the  best  in  the  county,  as 
well  as  a large  proportion  of  the  poorest  lands. 

Probably  as  serious  a consequence  as  any  to  result  from  the 
construction  of  the  Black  river  reservoir  is  the  considerable  inter- 
ference with  the  Avaterpower  at  Beaver  Falls,  Lyon  Falls,  New 
Bremen,  LoAvville,  Fenton’s  Mill  and  Deer  River  village.  At 
Beaver  Falls  on  Beaver  riA^er  there  are  now  four  establishments 
ordinarily  using  3071  horsepower  and  with  a total  valuation  of 
1425,000,  the  total  value  of  the  annual  product  being  |448,000. 
There  are  forty-two  hands  employed. 

At  Lyon  Falls  there  is  a custom  feedmill  as  well  as  a small 
electric  plant  for  lighting  the  village  of  Lyon  Falls.  These  estab- 
lishments are  situated  on  the  Black  river  canal,  just  above  Avhere 
said  canal  enters  Black  river,  and  will  be  entirely  submerged. 
The  value,  however,  is  small,  not  exceeding  |5000.  The  principal 
establishment  at  Lyon  Falls  is  the  newspaper  mill  of  the  Gould 
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Paper  Company,  where  the  water  wheels  ordinarily  work  under 
from  G7  to  68  feet  head,  yielding  a power  of  something  like  7731 
horsepower.  The  crest  of  the  power  dam  above  the  falls  is  at 
an  elevation  of  801  feet  above  tidewater^  while  the  crest  of  the 
barrage  at  Carthage  will  be  placed  at  772  feet  above  tidewater. 
There  will  remain,  then,  when  the  reservoir  is  just  full,  29  feet 
head  instead  of  about  68  feet,  as  at  present.  During  such  flood- 
flows  as  occur,  with  the  water  surface  of  the  reservoir  above 
crest  of  barrage  at  Carthage,  the  head  will  be  less,  although  this 
condition  will  only  rarely  occur.  Usually,  with  the  reservoir 
drawn  somewhat  down,  the  head  at  Lyon  Falls  will  be,  on  an 
average,  from  30  to  35  feet.  In  any  case  the  mill  will  largely  re- 
quire reconstructing  in  order  to  conform  to  the  new  conditions, 
and  from  this  point  of  view  the  damages  have  been  liberally 
estimated.  The  Gould  Paper  Company  Avas  expending  about 
$200,000  on  improvements  to  their  mill  during  the  summer  of 
1899. 

At  Deer  Kiver  village  the  backwater  of  the  reservoir  just 
about  reaches  the  crest  of  the  lower  dam,  practically  eliminating 
waterpower  at  that  dam. 

At  Lowville  there  is  an  old  mill,  the  Avateiqmwor  of  which  Avill 
be  destroyed. 

At  New  Bremen  there  are  three  small  establishments  entirely 
submerged. 

At  Fenton’s  Mill,  on  the  east  side  of  the  reservoir,  a small 
feedmill  will  be  submerged. 

The  chief  damage  will  occur  at  Beaver  Falls  and  Lyon  Falls, 
the  mills  at  the  other  places  being  relatively  unimportant. 

Tabulations  are  given  in  the  Report  of  the  Board  of  Engineers 
on  Deep  Waterways  similar  to  those  given  in  discussing  the 
Genesee  river  storage  project,  from  which  it  is  learned  that  a 
reserAmir  of  the  size  and  capacity  indicated  would  furnish  2200 
cubic  feet  per  second  to  Black  river  every  day  in  the  year  and 
at  the  same  time  be  adequate  to  meet  all  possible  contingencies 
of  water  supply  for  the  proposed  deep  waterways.  The  total 
capacity  of  the  reservoir  would  be  about  2600  cubic  feet  per 
second. 

The  estimated  cost  of  this  reserAmir  was,  in  1899,  $5,712,200. 
In  1904  the  cost  may  be  expected  to  be  approximately  25  per 
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cent  greater,  or  |7, 140, 000.  Tlie  relations  of  cost  to  the  water 
power  to  be  developed  may  be  obtained  by  considering  the  de- 
tailed tables  of  developed  power  on  Black  river  as  given  in  the 
Deep  Waterways  report.  The  storage  of  Black  river  reservoir  at 
level  of  crest  of  dam  is  57,200,000,000  cubic  feet.  Hence  the  cost 
per  million  cubic  feet  of  storage  becomes,  on  the  basis  of  the  esti- 
mate of  1904,  about  |125. 

Storage  Reservoirs  on  Hudson  River 

Hudson  river  is  divided  at  the  Troy  dam  into  the  upper  or 
water-power  section  and  the  lower  or  tidal  portion.  The  pro- 
posed reservoirs  are  in  the  upper  section  above  Troy. 

Early  surveys.  The  project  for  constructing  storage  reservoirs 
on  the  upper  Hudson  has  been  agitated  for  many  years,  the  first 
surveys  for  this  purpose  having  been  made  in  1874.  In  that  year 
Prof.  F.  N.  Benedict  conducted  surveys,  and  in  his  report  pro- 
posed an  extensive  system  of  reservoirs.  The  chief  interest 
attaching  to  this  report  is  the  proposition  on  the  part  of  Mr 
Benedict  to  build  storage  reservoirs  at  Blue  Mountain,  Baquette, 
Forked,  Beach  and  Long  lakes,  and  divert  the  water  stored  on 
these  several  lakes  from  their  natural  drainage  into  Baquette 
river,  to  the  south,  thus  making  them  artificially  tributary  to  the 
Hudson  river.  In  proposing  this  diversion,  Mr  Benedict  appar- 
ently assumed  that  the  State,  in  its  sovereign  capacity,  (‘ould 
divert  waters  from  one  catchment  area  to  another  witliout  re- 
gard to  the  rights  or  wishes  of  the  riparian  owners. 

In  addition  to  the  lakes  already  enumerated,  which  are 
naturally  tributary  to  Baquette  river,  Mr  Benedict  propO'Sed  to 
make  reservoirs  of  the  following  lakes  and  ponds  in  the  upper 
Hudson  catchment  area:  Bound  pond,  Catlin  lake,  Bich  lake,  Har- 
ris lake.  Lake  Henderson,  Newcomb  lake.  Lower  works  reservoir, 
Oiiain  lakes,  Goodenow  pond,  Goodenow  river  reservoir.  South 
pond.  Clear  pond.  Slim  pond,  Ackerman  pond.  Perch  pond,  Trout 
pond,  Lake  Harkness,  Shedd  lake.  First  Sergeant  pond.  Third 
Sergeant  pond,  Plumley  pond.  Moose  pond,  and  Cary  pond.  The 
total  storage  to  be  furnished  by  the  entire  system  of  reservoirs 
is  ])laced  at  18,419,781,600  cubic  feet.  The  total  cost  of  the  pro- 
posed reservoirs  was  placed  by  Mr  Benedict  at  about  |265,000, 
01',  including  the  diversion  canal  and  improvements  at  Long  lake, 
at  a total  of  about  |460,000.  The  dams  proposed  were  to  be 
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constructed  of  timber,  very  much  after  the  plan  of  the  timber 
dams  still  constructed  by  the  lumbermen  in  this  region.^ 

In  1874,  when  Mr  Benedict  prepared  his  report,  the  demand^  for 
water  upon  the  Hudson  river  were  far  less  extensive  than  at 
present,  and  even  in  1882  the  total  waterpower  of  the  stream  was, 
according  to  the  statistics  of  the  Report  on  the  Water  Power  of 
the  United  States,  Tenth  Census,  only  12,894  horsepower,  while 
in  1895  the  total  horsepower  was  43,481.  Taking  into  account 
additional  wheels  set  in  the  last  few  years,  as  well  as  the  extensive 
development  of  the  Hudson  River  Power  Transmission  Company, 
3 miles  below  Mechanicville,  it  is  probable  that  in  1898  there  were 
wheels  set  on  the  Hudson  river  capable  of  furnishing,  at  full 
capacity,  not  far  from  55,000  horsepower.  This  great  develop- 
ment has  led  to  a very  strong  demand  in  the  last  few  years  for 
increased  flow  during  the  low-water  period.  The  extensive 
plant  of  the  Hudson  River  Water  Power  Company  at  Spier  Falls 
is  now  approaching  completion.  In  1904  there  are  wheels  set 
capable  of  producing  about  80,000  horsepower. 

Recent  investigations.  In  1895  a survey  of  the  upper  Hudson 
valley  was  authorized  with  the  view  of  determining  what  lakes 
and  streams  may  be  improved,  and  the  water  stored  and  diverted, 
in  order  to  provide  for  the  enlargement  of  Champlain  canal ; for 
restoring  to  the  water  of  Hudson  river  at  or . below  Glens 
Falls  the  water  diverted  therefrom  for  canal  purposes;  and  for 
improving  the  navigation  of  the  lower  Hudson  river.  The 
proposed  reservoirs  are  all  in  the  upper  section,  above  Troy. 

When  one  considers  the  scope  of  the  investigation  it  may  be 
readily  seen  that  the  studies  must  necessarily  be  of  rather  wide 
range.  Special  consideration  should  be  given  the  following  topics : 

1)  The  area  of  the  several  subdivisions  of  the  catchment-area, 
together  with  the  locations  and  extent  of  the  reservoir  sites,  and 
the  total  area  from  which  the  runoff  can  be  controlled. 

2)  The  rainfall  and  mean  temperature  of  the  tributary  region, 
as  well  as  its  physical  characteristics,  the  relative  amounts  of 
timber  and  cleared  area,  etc. 

^For  further  particulars  of  Mr  Benedict’s  reservoir  system,  see  Report  on 
a Survey  of  the  Waters  of  the  Upper  Hudson  and  Raquette  Rivers  in  the 
Summer  of  1874,  with  Reference  to  Increasing  the  Supply  of  Water  for  the 
Champlain  Canal  and  Improving  the  Navigation  of  the  Hudson  River,  by  F. 
N.  Benedict,  Ass.  Doc.  (1875),  Vol.  I,  No.  6,  p.  85. 


Plate  14. 


Ik'uvtT  nu'adow,  near  Indian  lake;  a typical  reservoir  site  in  the  Adirondaeks. 
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3)  The  actual  runoff  of  the  stream  from  the  known  area  for  a 
series  of  years,  and  a deduction  therefrom  by  comparison  with 
the  rainfall  and  temperature  records  of  the  amount  which  may 
be  stored  in  the  year  of  minimum  rainfall ; also  the  relation  which 
the  runoff  in  the  year  of  minimum  precipitation  bears  to  what 
may  be  expected  in  the  average  year,  and  a deduction  therefrom 
of  the  proper  hight  of  flow  lines  for  full-capacity  development. 

4)  The  areas  of  the  reservoirs  and  the  losses  therefrom  by 
evaporation  which  may  be  reasonably  expected,  with  the  amount 
of  effective  storage  which  may  be  gained  by  the  reservoir  system 
when  developed  to  full  capacity. 

5)  The  amount  of  water  now  diverted  for  the  use  of  Cham- 
plain canal,  and  the  amount  to  be  diverted  for  such  use  when  the 
enlargement  is  completed;  also  the  proper  method  of  managing 
the  system  of  reservoirs  in  order  to  secure  the  best  results  to  the 
canal,  the  navigable  section,  and  the  waterpower. 

6)  The  amount  of  waterpower  now  in  use  on  the  stream  and 
the  effect  of  the  present  and  future  diversion. 

7)  The  regimen  of  the  tidal  section,  and  the  effect  of  the 
unregulated  fresh- water  flow  and  of  the  construction  of  the  system 
of  impounding  reservoirs. 

8)  The  cost  of  the  reservoirs  and  the  relation  which  the 
actual  cost  bears  to  the  amount  of  storage  gained.  This  latter 
element  determines  the  commercial  feasibility  of  the  project. 

Reservoir  sites.  The  surveys,  so  far  as  carried,  indicate  that 
economical  reservoirs  controlling  the  entire  catchment  area  to 
full  capacity  in  the  year  of  minimum  rainfall  may  be  constructed 
in  the  Sacandaga,  main  Hudson  and  Schroon  valleys,  as  shown 
by  the  following  paragraphs : 

The  Sacandaga  river  has  a total  catchment  area  above  its 
mouth  of  1040  square  miles.  The  catchment  areas  of  reservoir 
sites  on  the  Sacandaga  river,  in  square  miles,  are  as  follows: 

Square 

miles 


Lakes  Pleasant  and  Sacandaga 45 

Piseco  lake 55 

Arietta  flow 40 

Miscellaneous 50 


190 


Total 
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The  main  Hudson  or  North  river  has  a total  catchment  area 
above  Hadlev,  not  including  Schroon  river,  of  1092  square  miles. 
Of  this  area  the  portions  shown  below  may  be  developed  to  full 
capacity  in  the  year  of  minimum  rainfall : 


Thirteenth  pond 

Chain  lakes 

Catlin  lake 

Lakes  Rich,  Harris,  and  Newcomb,  and  the  Goodenow  flow. 

Lake  Henderson 

Lake  Sanford  and  the  Tahawus  flow 

Boreas  river  and  Boreas  pond 

Cedar  river 

Indian  lake 


Square 

miles 

14 

58 

25 

83 

18 

67 

45 

58 

146 


Total 


514 


Schroon  river  has  a total  catchment  area  above  its  mouth  of 
570  square  miles.  The  topography  of  the  Schroon  area  is  such 
as  to  admit  of  two  distinct  lines  of  treatment — either  to  construct 
one  large  dam  at  Tumblehead  falls,  about  a mile  below  South 
Horicon,  or  to  construct  a series  of  16  to  18  small  dams  at  various 
points  in  the  area.  In  either  case  it  is  possible  to  control  sub- 
stantially the  full  flow  above  Tumblehead  falls,  and  the  decision 
of  which  is  better  will  turn  chiefly  on  the  question  of  relative 
cost,  the  estimate  taking  into  account  the  fact  that  it  will  cost 
much  more  to  operate  a large  number  of  reservoirs  than  to  operate 
one.  The  following  are  the  catchment  areas  of  the  system  of 
small  reservoirs  as  proposed  for  Schroon  river : 


Square 

miles 

Minerva  brook  at  Olmsteadville 43.4 

Hewett  pond 2.5 

Loon  lake 11.6 

Friend  lake 1.9 

Elk  lake 15.9 

Clear  pond 2.3 

New  pond l.'i' 
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Deadwater  pond 

Hammond  pond 

Dudley  pond 

Overshot  pond 

Paradox  lake 

Paragon  lake 

Crane  pond 

Pharoah  lake 

Brant  lake 

Valentine  pond 

Schroou  lake  at  Starbuckville 

Total  


()25 


Square 

miles 

18.9 

11.4 

3.9 

4.9 

31.6 

5.6 

7.2 

8.3 

38.7 

6.7 
259.2 


478.7 


The  area  between  Starbuckville  and  Tumblehead  falls  not 
available  with  the  system  of  small  reservoirs  is  23.3  square  miles. 

The  total  controllable  area  of  tire  upper  Hudson,  with  the 
system  of  sinaii  reservoirs  in  the  Schroon  valley,  is  as  follows: 

Square 


miles 

Sacandaga  valley 190 

Hudson  above  Hadley 514 

Schroon  valley 479 


Total 1,183 


With  one  large  reservoir  in  Schroon  valley,  the  total  catch- 
ment area  is  increased  to  1206  square  miles. 

The  system  of  small  reservoirs  outlined  in  the  foregoing  is 
estimated  to  store  15,330,000,000  cubic  feet,  at  a cost  of  fl,172,- 
500;  hence,  the  cost  per  million  cubic  feet  stored  becomes  |76.48. 
These  figures,  however,  do  not  take  into  account  the  actual  cost 
of  maintenance  and  operation,  which  may  be  placed  at  |30,000 
per  year  and  capitalized  at  5 per  cent,  is  equivalent  to  a perma- 
nent investment  of  |600,000.  Adding  |600,000  to  |1, 172,500 
gives  a total  permanent  investment  of  |1,772,500. 
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The  foregoing  estimates  were  made  early  in  1896  and  due  to 
change  in  conditions,  they  would  be  considerably  increased  in 
1904. 

A general  estimate  of  the  cost  of  the  single  large  reservoir  in 
Schroon  valley  shows  that  with  a dam  at  Tumblehead  falls  59 
feet  in  hight  there  would  be  impounded  15,925,000,000  cubic 
feet.  The  preliminary  estimate  indicates  a total  cost  of  |840,- 
000,  and  a later  survey  indicates  about  |1, 000,000.  The  final 
revision  of  the  estimate  on  completion  of  the  investigation  may 
show  a somewhat  larger  figure  than  this.  Even  if  the  cost  were 
to  be  11,100,000,  it  would  still  be  exceedingly  cheap  storage,  the 
cost  for  15,925,000,000  cubic  feet  being  on  this  basis  only  |69.14 
per  million  cubic  feet  stored. 

In  order  to  appreciate  fully  the  low  cost  of  these  reservoirs,  it 
may  be  mentioned  that  reservoirs  for  municipal  water  supplies 
frequently  cost  from  ^5000  to  $10,000  per  million  cubic  feet 
stored.  In  specially  unfavorable  cases  the  cost  is  even  higher 
than  this — it  may  be  as  high  as  $12,000  to  $15,000  per  million 
cubic  feet  stored.  Small  reservoirs  sometimes  cost  from  $6000 
to  $8000  per  1,000,000  gallons  stored. 

The  dam  at  Tumblehead  falls  would  be  located  just  below  the 
outlet  of  Brant  lake,  the  elevation  of  the  water  surface  of  which 
is  801  feet.  The  fiow  line  of  the  proposed  reservoir  has  been 
placed  at  an  elevation  of  840  feet,  thus  giving  a depth  of  39  feet 
over  the  surface  of  Brant  lake,  a depth  of  33  feet  over  the  sur- 
face of  Schroon  lake,  and  a depth  of  20  feet  over  Paradox  lake. 
With  the  reservoir  full  or  nearly  full,  there  would  be  continuous 
navigation  from  the  head  of  Brant  lake  to  the  head  of  Paradox 
lake  of  about  35  miles.  The  villages  of  South  Horicon,  Barton- 
ville,  Starbuckville,  and  parts  of  Pottersville  and  Chester  are 
within  the  fiow  line  of  this  reservoir. 

Indian  lake  is  another  large  reservoir  on  the  headwaters  of 
Hudson  river,  that  has  been  described  on  a preceding  page. 

Piseco  lake  is  another  large  reservoir  which  may  be  con- 
structed on  the  upper  Hudson  at  low  cost.  It  is  estimated  that 
a storage  of  1,725,000,000  cubic  feet  may  be  made  at  an  expendi- 
ture of  $70,000,  or  at  an  average  cost  per  million  cubic  feet 
stored  of  $40. 
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Without  going  further  into  detail,  the  following  may  be  given 
as  the  approximate  storage  of  the  upper  Hudson  system,  worked 
out  to  1904.^ 

Cubic  feet 

Storage  of  Sacandaga  and  main  Hudson  river 
catchment  areas,  not  including  Boreas  river 
reservoir,  Boreas  pond,  Indian  lake,  and  Piseco 


lake 14,364,000,000 

Boreas  river  reservoir  and  Boreas  pond 1,111,000,000 

Indian  lake^ 4,468,000,000 

Piseco  lake 1,725,000,000 

Schroon  valley 15,925,000,000 

Hadley  4,000,000,000 

€onklinville  10,000,000,000 


Total  51,593,000,000 


This  storage  is  considered  sufficient,  in  conjunction  with  the 
natural  flow  of  the  unregulated  portion  of  the  river,  to  maintain 
at  Mechanicville  a flow  of  at  least  4,500  cubic  feet  per  second 
during  the  entire  year. 

The  general  investigations  indicate  that  there  is  an  oppor- 
tunity to  makd  a large  reservoir  on  Sacandaga  river  by  the  erec- 
tion of  a dam  at  Oonklinville.  The  available  storage  of  such  a 
reservoir  is  from  8,000,000,000  to  10,000,000,000  cubic  feet.  It  is 
taken  in  the  preceding  tabulation  at  10,000,000,000  cubic  feet. 

There  is  also  an  opportunity  to  construct  on  the  main  Hudson 
at  Hadley,  just  above  the  mouth  of  the  Sacandaga,  another 
reservoir  of  about  4,000,000,000  cubic  feet  capacity  at  a point 
where  the  natural  conditions  for  constructing  such  a reservoir 
are  good.  At  the  site  of  the  proposed  dam  the  river  shows  a 
granitic  rock  bottom,  with  precipitous  banks  nearly  forty  feet 
in  hight  and  about  one  hundred  feet  apart.  The  material  for  a 

^For  full  details,  the  reader  is  referred  to  the  original  Reports  on  the 
Upper  Hudson  Storage  Surveys,  in  Annual  Reports  of  State  Engineer  and 
Surveyor  for  the  Years  1895  and  1896.  Also,  refer  to  Report  to  Merchants’ 
Ass.  of  New  York,  1900. 

^The  storage  of  this  reservoir  with  the  dashboards  in  place  is  taken  at 
5,000,000,000  cubic  feet. 
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permanent  stone  dam  exists  in  the  ricinitv,  with  an  opportunity 
to  construct  a wasteway  over  natural  rock  at  one  side. 

Inasmuch  as  all  the  storage  except  that  of  the  Sacandaga  area 
would  pass  through  the  Hadley  reservoir,  its  construction  would 
simplify  the  management  of  the  system  very  greatly.  In  the 
summer  season,  as  long  as  there  is  any  storage  above  to  be 
drawn  upon,  this  reservoir  could  be  kept  nearly  full  and  just  the 
right  quantity  drawn  out  from  day  to  day  to  keep  the  river  at 
the  assumed  How  of  4500  cubic  feet  a second  at  Mechanicville. 

The  Water  Storage  Commission  made  surveys  for  several 
reservoirs  on  the  Hudson  rivei%  but  as  there  is  nothing  of  inter- 
est about  any  of  these,  no  special  mention  is  made  of  them  here. 

Effect  of  proposed  storage  on  river  flow.  The  foregoing  quan- 
tities of  storage  have  been  fixed  upon  on  the  basis  that  the  water 
yield  of  the  year  of  minimum  stream  fiow  will  furnish  a storag'O 
of  at  least  12  inches,  the  fiow  line  of  the  reservoirs  themselves 
being  located  with  reference  to  holding  back  13.5  inches.  If,* 
however,  one  examines  the  tables  of  runoff  of  the  Hudson  at 
^lechanicville,  and  of  precipitation  in  the  catchment,  it  is  seen 
that  much  greater  yields  can  be  expected  in  an  average  year. 
From  this  point  of  view,  it  may  be  asked.  Why  not  make  the 
reservoirs  somewhat  larger  than  merely  sufficient  for  the  wants 
of  the  year  of  minimum  fiow  and  carry  some  water-over  from  one 
year  to  another,  thus  more  nearly  attaining  an  absolute  regula- 
tion of  the  river — not  for  a single  year,  but  for  a series  of  years? 
The  chief  objection  to  this  method  of  procedure  is  that  experi- 
ence with  other  large  reservoir'  systems  is  against  other  than  a 
moderate  development  on  this  line,  it  having  been  repeatedly 
found  that  however  high  the  flow  line,  reservoirs  are  likely  to  be 
nearly  empty  at  the  beginning  of  the  storage  period  of  the  mini- 
mum year.  Experience  indicates  that  the  rainfall  and  stream 
flow  move  in  cycles,  there  being  in  each  cycle  several  successive 
years  of  flow  above  the  average.  The  demands  for  water  tend  to 
increase  during  the  years  of  plenty,  until  those  in  charge  appar- 
ently forget  there  will  ever  be  a deficiency.  The  best  practice, 
therefore,  is  to  locate  the  flow  line  with  reference  to  about  the 
minimum  yield,  thus  forcing  an  economy  in  the  use  of  water 
from  the  beginning.  By  proceeding  in  this  way  provision  may 


Plate  15. 


A.  The  (lam  at  Mecliaiiieville  with  hash  hoards  in  idaee. 


B.  The  present  dam  at  Fort  Edward. 
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be  made  for  carrying  OYer  moderate  quantities  of  water  from  the 
latter  end  of  the  year  more  effectually  than  in  any  other  way. 
An  exception  has  been  made  to  this  general  proposition  in  the 
case  of  Schroon  valley  reservoir,  discussed  in  detail  on  another 
page. 


Table  No.  86 — Mean  precipitation  on  the  upper  Hudson  catchment  area 

(In  inches) 


MONTH 

Albany 

Glens  Falls 

Keene  Valley 

Mean  of  Albany, 
Glens  Falls  and 
Keene  Valley 

Western  Massa- 
chusetts 

Northern  plateau 

Lowville  acad- 
emy 

Johnstown  acad- 
emy 

Cambridge  acad- 
emy 

Fairfield  acad- 
emy 

Granville  acad- 
emy 

1 Mean  of  all 

(1) 

(3) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

December 

2.71 

3.19 

2.75 

3.01 

4.31 

3.57 

2.14 

2.91 

2.36 

2.78 

2.48 

2.92 

January  

2.75 

3.16 

3.00 

3.03 

3.36 

3.88 

2.35 

3.30 

3.36 

2.69 

2.08 

2.99 

February  

2.49 

3.03 

2.22 

2.64 

2.83 

3.60 

2.43 

2.86 

2.61 

2.06 

1.42 

2.56 

March 

2.72 

2.72 

2.24 

2.50 

2.94 

2.52 

1.78 

3.63 

2.12 

2.36 

1.74 

2.48 

April 

2.80 

2.15 

2.09 

2.14 

2.02 

2.39 

1.91 

2.93 

3.36 

2.53 

2.13 

2.43 

May 

3.62 

3.10 

3.05 

3.14 

3.17 

4.46 

2.79 

3.45 

3.65 

3.04 

3.47 

3.38 

Storage  period  . 

17.09 

17.35 

15.35 

16.47 

18.63 

20.42 

13.40 

19.08 

17.46 

15.46 

13.32 

16.76 

June 

4.07 

2.83 

2.89 

2.99 

3.24 

1 3.88 

3.42 

4.20 

4.66 

4.29 

3.21 

3.67 

July  

4.29 

3.25 

3.61 

3.53 

3.44 

1 3.83 

3.67 

4.01 

3.91 

4.21 

3.63 

3.78 

August 

4.17 

4.21 

4.20 

3.91 

i 5.07 

2.85 

3.14 

3.98 

3.66 

2.97 

3.79 

Growing  period 

12.32 

10.25 

10.71 

10.75 

10.59 

12.78 

9.94 

11.35 

12.55 

12.16 

9.81 

11.25 

September 

3.43 

2.96 

3.00 

3.13 

3.51 

3.57 

2.84 

2.87 

3.27 

3.08 

2.67 

3.12 

October 

3.58 

2.36 

2.49 

2.60 

3.41 

3.06 

3.29 

3.20 

3.60 

3.56 

2.90 

3.15 

November 

3.08 

3.24 

3.56 

3.26 

2.84 

3.46 

2.94 

3.33 

3.29 

2.46 

2.88 

3.11 

Replenishing 

period 

10.09 

8.56  ' 

9.05 

8.99 

9.76 

10.09 

9.07 

9.49 

10.16 

9.11 

8.45 

9.38 

Yearly  total.. 

39.50 

36.16  1 

35.11 

36.22 

43.29 

32.41 

39.92 

40.17 

36.73  31.58 

"37.39 

The  figures  in  the  above  table  are  obtained  by  averaging  the  results  obtained  at 
Albany  from  1825  to  1895;  at  Glens  Falls,  from  1879  to  1895;  at  Keene  Valley,  from  1879 
to  1895 ; in  western  Massachusetts,  from  1887  to  1895  ; in  northern  plateau,  from  1889  to 
1895  ; at  Lowville  academy,  from  1827  to  1848  ; at  Johnstown  academy,  from  1828  to 
1845  ; at  Cambridge  academy,  from  1827  to  1839  ; at  Fairfield  academy,  from  1828  to 
1849  ; at  Granville  academy,  from  1835  to  1849  ; the  mean  of  Albany,  Glens  Falls  and 
Keene  Valley,  from  1879  to  1895.  Although  the  foregoing  figures  are  here  given  in 
detail,  later  studies  indicate  that  the  mean  rainfall  of  the  northern  plateau  as  defined 
by  the  State  Meteorological  Bureau  is  the  best  rainfall  record  to  apply  to  the  upper 
Hudson  area. 


The  jiToposed  regulation  of  the  Hudson  river  has  been  provi- 
sionally arranged  on  the  basis  of  maintaining  a flow  of  at  least 
4500  cubic  feet  per  second  at  Mechanicville,  where,  as  has  been 
seen,  the  catchment  area  is  4500  square  miles,  such  a regulation 
being  equivalent  to  producing  at  Mechanicville  a constant  flow  of  1 
cubic  foot  per  second  per  square  mile. 

As  regards  the  change  in  the  regimen  of  the  stream  due  to 
storage,  it  may  be  remarked  that  the  reservoirs  have  been 
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designed  on  the  basis  of  giving  to  the  stream  at  least  0.5  inch 
on  the  catchment  area  per  iiionth.^  With  0.45  cubic  foot  per 
second  per  square  mile  always  flowing  away  from  the  controlled 
catchment  area,  the  natural  flow  of  the  unregulated  portion  will 
usually  furnish  an  additional  amount  sufficient  to  keep  the  river, 
during  the  storage  period,  up  to  nearly  the  assumed  4500  cubic 
feet  per  second  at  Meciianicville ; or  in  case  of  extreme  low  water 
in  winter  other  reservoirs  may  be  relied  upon  to  assist  in  the 
manner  already  pointed  out. 

On  the  basis  of  12  to  14  inches  available  storage,  there  may  be, 
with  0.5  inch  per  month  always  going  to  the  stream,  a possible 
total  requirement  for  the  year  of  from  15  to  18  inches. 

Table  No.  61  shows  that  the  total  flow  for  the  year  1895  was 
only  17.46  inclies,  or  in  that  year  there  might  have  been  a shortage, 
if  the  reservoir  system  had  been  in  operation,  of  perhaps  0.5  inch. 
Any  such  shortage  w^ould  necessarily  have  been  carried  over 
from  the  year  1894,  when,  in  November,  there  was  a runoff  of 
1.58  inches.  Allowing  0.5  inch  to  the  stream  from  the  November 
rainfall  alone  there  would  have  been  1.08  inches  remaining  in 
the  reseryoirs  to  be  carried  over  to  1895. 

Summary  of  Hudson  river  reservoirs.  In  conclusion,  it  may  be 
said  that  it  is  entirely  feasible  to  construct  a system  of  reser- 
voirs in  the  upper  Hudson  valley,  and  such  system  may  be 
designed  with  reference  to  the  full  capacity  storage  of  at  least 
1300  square  miles  of  area,  or  47  per  cent  of  the  total  area  above 
Glens  Falls.  Such  control  would  result  in  the  material  reduc- 
tion of  floods  at  Glens  Falls  and  other  points. 

The  proposed  total  storage  of  45,593,000,000  cubic  feet  would 
maintain  4500  cubic  feet  per  second  flow,  as  well  as  supply  the 
other  necessary  demands,  in  the  driest  season  of  the  gaging 
period.  The  discharge  measurements  show  that  whereas  the 
minimum  unregulated  flow  at  Glens  Falls  is  as  low  as  700  cubic 
feet  per  second  for  a monthly  mean,  with  the  storage  carried  out, 
the  probable  monthly  mean  flow  at  Glens  Falls  will  be  at  least 
3000  to  3600  cubic  feet  per  second.  The  minimum  regulated  flow 
of  4500  cubic  feet  per  second  at  Mechanicville  will  increase  the 
low-water  depth-in  the  Hudson  river  at  Albany  about  1.5  feet. 


^This  is  the  same  basis  as  discussed  on  a preceding  page  for  Salmon  river 
reservoir.  0.5  inch  per  month  is  0.45  cubic  foot  per  second  per  square  mile. 
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The  diversion  of  water  for  the  use  of  Champlain  canal  is  an 
injury  to  the  waterpoAver  at  Glens  Falls  and  lower  points  on  the 
river.  Since  Avaterpower  is  much  cheaper  than  steampower, 
the  taking  of  the  water  of  the  river  away  from  the  manufac- 
turers is  a serious  matter.  In  the  fourteen  years  from  1882  to 
1895  the  use  of  AvaterpoAver  on  Hudson  riA^er  increased  237  per 
cent. 

The  upper  Hudson  storage  system  is  estimated  to  cost  in  1904 
from  |80  to  |100  per  million  cubic  feet  stored,  a sum  consider- 
ably less  than  the  cost  of  many  other  systems. 

Storage  Reservoirs  on  Schroon  River 

In  1900  the  writer  reported  to  the  Merchants’  Association  of 
New  York  in  regard  to  a reservoir  for  a water  supply  to  that 
city  to  be  located  on  Schroon  river.  The  scope  of  this  report 
Avas  as  follows: 

1)  The  discussion  of  a project  for  supplying  fiA^e  hundred 
million  (500,000,000)  gallons  daily  (775  cubic  feet  per  second) 
of  pure  water  from  a single  large  reservoir  to  be  located  on 
Schroon  rHer. 

2)  The  supplying  of  the  same  quantity  from  Lake  George  and 
Schroon  river. 

3)  In  addition  to  the  storage  reservoirs,  from  which  the  city 
supply  of  pure  Avater  would  be  drawn,  these  tAvo  projects  further 
included  compensating  reservoirs  large  enough  to  compensate 
for  amount  of  water  abstracted  for  supply  of  Greater  New  York. 

4)  The  discussion  of  a project  for  supplying  a large  quantity 
of  stored  water  to  Hudson  riA^er,  in  order  to  hold  the  point  of 
uiAward  flow  of  salt  water  through  tidal  action  as  far  down 
stream  as  practicable. 

The  following  are  the  main  points  embodied  in  the  report  to 
the  Merchants’  Association: 

Schroon  river  flows  into  Hudson  river  just  above  Thurman 
bridge  and  about  fifteen  miles  north  of  Hadley.  The  catchment 
area  at  its  mouth  is  570  square  miles.  It  issues  from  a region 
with  a permanent  population  of  from  12  to  14  per  square  mile. 
The  prevailing  rocks  are  granitic,  with  large  areas  of  fiine  sand; 
there  are  only  limited  swamp  areas. 
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In  order  to  show  the  approximate  relative  proportions  of 
virgin  forest,  culled  area,  from  which  merchantable  softwood 
timber  has  been  removed,  together  with  the  cleared  and  water 
areas  of  Schroon  river  catchment,  the  following  data  have  been 
compiled  from  several  of  the  United  States  Geological  Survey’s 
topographical  sheets,  including  territory  either  wholly  or  partly 
within  Schroon  river  catchment : 


Virgin 

forest, 

square 


Topographic  sheet  miles 

Bolton  

Paradox  lake 

Schroon  lake 1.10 

Total  1.10 


Culled 

area, 

square 

miles 

Cleared 

area, 

square 

miles 

Water 

area, 

square 

miles 

Total 

area, 

square 

miles 

153.00 

43.55 

19.85 

216.4 

171.55 

38.60 

5.35 

215.5 

182.10 

35.80 

6.50 

215.5 

506.65 

117.95 

31.70 

647.4 

The  large  water  area  of  the  Bolton  sheet  is  due  to  the  fact  that 
this  sheet  includes  a considerable  portion  of  Lake  George. 
Aside  from  this,  the  Bolton,  Paradox  lake  and  Schroon  lake 
sheets,  covering  a total  area  of  647.4  square  miles,  are  Considered 
to  be — as  regards  forestation — fairly  illustrative  of  Schroon 
river  catchment  area.  The  figures  show  that  the  cleared  area 
is  only  about  18  per  cent  of  the  whole.  The  northern  part  of 
Schroon  river  catchment  area,  which  is  included  in  Mount  Marcy 
and  Elizabethtown  sheets,  is  substantially  all  in  timber,  and  for 
the  entire  catchment  area  probably  the  cleared  surface  does  not 
exceed  about  15  per  cent. 

The  topography  of  Schroon  river  catchment  area  is  rugged. 
The  low-water  surface  elevation  of  Schroon  lake  is  807-fT.  W., 
and  the  extreme  northern  tributaries  issue  from  the  base  of  the 
highest  mountains  of  the  State. 

The  foregoing  brief  statements  in  regard  to  physical  character- 
istics of  Schroon  river  catchment  area  show  that  it  is  an  ideal 
region  from  whence  to  draw  a municipal  water  supply.  The 
forest  covered  granitic  rocks  and  interspersed  sand  areas  insure 
a water  of  extreme  purity,  and  when  we  further  take  into  ac- 
count the  economy  of  reservoir  construction  which  can  here  be 
attained  we  have  a combination  of  favorable  conditions  only 
rarely  excelled. 

An  approximate  estimate  made  in  1895,  before  all  the  condi- 
tions wei’e  known,  placed  the  cost  of  Schroon  valley  reservoir— 
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when  developed  up  to  a storage  of  13.5  inches  on  the  catchment 
area — at  |840,000.  This  was  for  a water  storage  reservoir 
purely,  and  did  not  include  clearing  and  stripping  of  margins 
any  further  than  that  cutting  and  burning  of  standing  timber 
was  provided  for.  Investigations  made  in  1896  indicated  more 
expense  for  foundation  of  dam  at  Tumblehead  falls  than 
assumed  in  1895.  Moreover,  for  a storage  reservoir  for  regula- 
tion of  stream  flow  purely,  nothing  was  allowed  for  sanitary 
protection  of  catchment  or  for  removal  of  buildings  along  or 
near  new  margins. 

The  estimates  herewith  submitted  take  into  account  all  these 
several  items,  as  well  as  an  allowance  for  present  labor  condi- 
tions and  price  of  materials  in  the  State  of  New  York. 

In  the  first  report  on  upper  Hudson  surveys  (1895)  the  writer 
discussed  extensively  the  question  of  proper  hight  of  flow  line 
for  upper  Hudson  reservoir  system,  reaching  the  conclusion  that 
for  stream  regulation  13.5  inches  in  depth  on  the  catchment  area 
was  the  approximate  figure.  This  is  about  as  large  a storage 
as  can  be  ponded  at  the  several  upper  Hudson  sites.  At  Tumble- 
head  falls,  however,  there  is  apparently  no  reason  why  the 
development  may  not  be  carried  higher,  and  the  present  study 
for  a pure-water  reservoir  has  accordingly  been  based  upon  a 
development  of  storage  up  to  18  inches  in  depth  on  the  tributary 
catchment  area  of  518  square  miles.  Such  development  gives  a 
total  storage  of  21,662,000,000  cubic  feet  (162,248,380,000  gallons) 
and  will  utilize,  during  a series  of  years,  substantially  the  entire 
flow  of  the  stream. 

To  accomplish  this  result  the  uniform  outflow  from  the  reser- 
voir has  been  taken  at  500,000,000  gallons  in  twenty-four  hours; 
or,  for  even  figures,  at  775  cubic  feet  per  second.  It  is  easy  to 
furnish  this  quantity  from  a single  reservoir,  although  it  is 
necessary  to  fix  the  flow  line  higher  than  13.5  inches. 

In  order  to  show  the  effect  of  drawing  775  cubic  feet  per 
second  continuously  from  such  a reservoir  in  Schroon  valley, 
table  No.  87  has  been  prepared.  The  data  are  (1)  the  runoffs  of 
Hudson  river  for  the  twelve  years  1888-1899,  inclusive;  and  (2) 
evaporation  at  Eochester.  The  computation  has  been  made  by 
years,  beginning  with  an  assumed  depth  of  4 inches  on  the  catch- 
ment area  in  reservoir  at  the  end  of  November  1887,  and  is 
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carried  along  through  each  water  year,  to  the  end  of  November 
1899. 

This  computation  shows  that  for  a storage  of  18  inches  on 
the  catchment  area  and  a uniform  outflow  of  775  cubic  feet  per 
second  the  total  waste  in  the  twelve-year  period  would  have 
been  only  13.81  inches.  A similar  computation  has  been  made 
for  a storage  of  13.5  inches  and  uniform  outflow  of  650  cubic 
feet  per  second,  in  which  the  waste  would  have  been  55.36  inches^ 
amounting  to  a mean  waste  per  year  of  4.61  inches. 

The  distance  from  Hadley  to  proposed  site  of  iSchroon  valley 
barrage  at  Tumbleliead  falls — ^measured  along  the  thread  of 
Hudson  and  Schroon  valleys — ^is  about  29  miles.  Of  this  about 
14  miles  is  in  Schroon  valley.  The  village  of  Warrensburg, 
with  a population  of  about  1000  in  1900,  lies  on  Schroon 
river,  three  miles  above  its  mouth.  At  and  in  the  vicinity  of 
this  place  waterpower  to  the  extent  of  1627  net  horsepower 
(2167  gross  horsepower)  has  been  developed  on  Schroon  river. 
The  largest  block  of  power  at  a single  point  is  at  the  dam  of 
the  Schroon  River  Pulp  Ooiii}>any,  one  and  one  half  miles  below 
Warrensburg,  where  1086  net  horsepower  are  in  use.  Owing  to 
the  equalizing  effect  of  Schroon  lake,  these  powers  are  all  fairly 
permanent  except  at  the  pulp  mill,  which  is  sometimes  short  of 
water  in  late  summer  and  fall  months. 

The  water-surface  elevation  of  Schroon  river  at  its  mouth, 
near  Thurman,  is  approximately  620  + T.  W.  At  Tumblehead 
falls  the  elevation  is  about  780  i T.  ^V.  There  is,  therefore,  a 
total  fall  of  160  feet  between  Tumblehead  falls  and  mouth  of 
stream.  Of  this  39  feet  is  included  in  the  dams  at  Warrensburg 
village  and  the  Schroon  River  Pulp  Company’s  power,  leaving 
121  feet  still  undeveloped.  It  seems  very  desirable,  in  case 
Schroon  valley  reservoir  is  constructed,  that  the  waterpower 
possibilities  of  the  stream  be  preserved.  A uniform  outflow  of 
775  cubic  feet  per  second  would  yield,  on  121  feet  fall,  10,639 
gross  horsepower. 

In  order  to  preserve  present  waterpower s and  ultimately 
utilize  the  undeveloped  fall,  it  would  be  necessary  to  let  the 
water  discharged  from  the  reservoir  at  Tumblehead  falls  flow 
down  the  present  channel  of  Schroon  river  to  a diversion  weir,  to 
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be  located  just  above  the  mouthy  at  which  point  a conduit  of 
775  cubic  feet  per  second  capacity  would  begin.  This  diversion 
weir  would  be  sixteen  miles  above  Hadley,  but  it  is  considered 
that  the  additional  cost  of  extending  the  conduit  this  distance 
would  be  compensated  for  by  the  keeping  of  pure  Schroon  river 
water  entirely  separate  from  balance  of  Hudson  river  water. 

In  proposing  such  separation  it  is  not  intended  to  imply  that 
Hudson  river  water  at  Hadley  is  not  suited  for  a public  supply. 
In  any  case  upper  Hudson  water  is  very  pure,  but  due  to  relatively 
somewhat  more  extensive  swamp  areas  to  north  of  mouth  of 
Schroon  river,  Hudson  river  water  at  Hadley,  as  a whole,  is  not 
equal  to  that  of  Schroon  river.  The  purifying  effect  of  wind  and 
sunlight  on  the  extended  water  areas  of  Schroon,  Brant  and  Para- 
dox lakes  is  taken  into  account  in  reaching  this  conclusion. 

Another  important  reason  for  extending  conduit  to  diversion 
weir  just  above  mouth  of  Schroon  river  may  be  found  in  consider- 
ing that  much  the  cheapest  way  to  reimburse  waterpower  owners 
on  Hudson  river  for  diversion  of  775  cubic  feet  per  second  will  be 
by  constructing  compensation  reservoirs.  Some  of  these  would 
be  located  on  Sacandaga  river,  which  flows  into  Hudson  river  at 
Hadley,  but  nevertheless  several  would  be  on  main  North  river 
above  Thurman.  If  proposed  additional  water  supply  of  Greater 
New  York  were  taken  at  Hadley,  then  all  compensating  reservoirs 
should  be  thoroughly  cleared  and  stripped,  the  same  as  is  pro- 
posed for  Schroon  valley  reservoir.  Even  after  completion  of 
such  extensive  work,  the  conditions  at  several  reservoir  sites  to 
north  of  Thurman  are  not  such  as  to  yield  an  ideal  Avater  without 
filtration.  There  are  extensive  muck  areas  Avhich  noAV  discolor  the 
water  and  taint  it  with  an  offensive  odor.  Filtration  would,  of 
course,  make  any  of  these  waters  ideal,  and  probably  for  a thor- 
ough study  of  the  project  in  all  of  its  phases  estimates  should  be 
worked  out  showing  approximate  cost  of  taking  775  cubic  feet 
per  second  at  Hadley,  with  all  stripping  of  reservoirs  omitted, 
but  including  the  cost  of  a filtration  plant  capable  of  handling  775 
cubic  feet  per  second.  As  regards  quality  of  the  municipal 
supply,  such  treatment  Avould  place  this  project  essentially  on  a 
par  with  the  VyrnAvy  supply  for  Li\^erpool,  where  the  water  of  a 
sparsely  populated  mountainous  area  is  filtered,  largely  to  remove 
vegetable  discoloration. 
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If  Schroon  river  Avater  is  taken  into  conduit  just  above  month 
of  stream,  the  sewage  of  Warrensburg  villag’e  and  the  manufac- 
turing establishments  would  be  properly  carried  in  a close  conduit 
or  pipe  to  a point  beloAV  the  diversion  weir.  The  estimates  for 
sanitary  protection  include  the  cost  of  the  necessary  special 
constructions  for  this  purpose. 

There  is  considerable  summer  population  about  Schroon,  Brant, 
Paradox  and  other  lakes  of  Schroon  area,  and  the  estimates  for 
sanitary  protection  further  include  cost  of  properly  caring  for 
waste  products  at  hotels,  cottages,  etc. 

The  following  presents  the  main  points  of  comparison  for  dams 
at  Tumblehead  falls,  storing  13.5  and  18.0  inches  on  the  catchment 
area,  respectively : 


storage, 
in  inches  on 
catchment 
area 

Storage, 
in  cubic  feet 

Elevation 
of  iiowline 
contour 

Might  of 
dam,  in 
feet 

Area  of  water  surfaces 
of  full  reservoir 

Acres 

Sq.  miles 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

13.5 

16, 246, 000, 000 

840.6 

60.0 

14, 800 

23.1 

18.0 

21,662,000,000 

850 . 5 

70.0 

16, 900 

26.4 

By  refer-ence  to  the  United  States  Geological  Survey’s  topo- 
graphic sheets,  the  significance  of  these  figures  may  be  easily 
appreciated. 

In  order  to  insure  thorough  control  of  the  margins,  it  is  sug- 
gested that  an  area  of  50  square  miles  should  be  taken.  The 
estimate  includes  such  taking. 

The  following  is  the  estimated  cost  of  constructing  Schroon 
valley  pure  water  leservoir  and  diversion  weir,  Avith  necessary 
gate  houses,  sanitary  protection  and  other  special  constructions : 


Land  damages 

Clearing  and  stripping.  . . 
Dam  at  Tumblehead  falls, 

DiA^ersion  weir 

Sanitary  protection 

Miscellaenous  


11,000,000 

500.000 

600.000 

250.000 

300.000 

350.000 


13,000,000 


Amount 
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The  data  for  the  preceding  estimate  are  not  very  complete,  but 
it  is  believed  that  the  sum  of  |3, 000, 000  is  large  enough  to  meet 
somewhat  adverse  conditions. 

The  construction  of  Schroon  valley  reservoir  as  here  proposed 
would  submerge  several  villages,  of  which  the  cost  is  included  in 
land  damages. 

With  a total  storage  of  21,662,000,000  cubic  feet  and  total  cost 
of  13,000,000,  the  cost  per  million  cubic  feet  stored  becomes 
roundly  |138.50.  In  the  same  way  the  cost  per  million  gallons 
stored  becomes  about  |18.50. 

Schroon  valley  reservoir  ito  injury  to  waterpower  on  Hudson 
river.  The  foregoing  discussion  of  Schroon  valley  reservoir  pro- 
ject shows  that  not  only  may  all  injury  to  existing  waterpower 
in  Schroon  valley  be  obviated,  but  that  10,639  gross  horsepower 
may  be  permanently  created  there.  With  Hadley  dam  ulti- 
mately constructed,  as  prox)osed  in  the  upper  Hudson  report  of 
1895,  there  would  be  Stillwater  in  Hudson  river  from  mouth  of 
Schroon  river  to  Hadley.  Inasmuch  as  Hadley  dam  is  intended 
as  a regulator  of  upper  Hudson  reservoir  system,  without  any 
special  waterpower  development  connected  therewith,  no  injury 
to  waterpower  above  Hadley  on  account  of  diversion  of  775 
cubic  feet  per  second  would  occur.  But  from  the  regulating  dam 
down  the  Hudson  river  Avaterijowers  would  suffer,  but  not  to 
the  extent  of  the  value  of  775  cubic  feet  per  second  for  the  whole 
year.  Broadly,  the  proposition  takes  this  form:  On  account  of 
large  temporary  storage  on  Schroon,  Brant  and  Paradox  lakes, 
the  mean  summer  flow  of  Schroon  river  is  higher  than  it  would 
otherwise  be  for  the  given  catchment  area.  Taking  into  account 
this  natural  advantage,  what  injury  can  be  done  to  Hudson  river 
Avaterpowers  from  Hadley  to  Troy  by  the  continuous  diversion 
of  775  cubic  feet  per  second,  the  quantity  so  diverted  to  be 
drawn,  not  from  the  natural  flow  of  the  river,  but  from  a large 
storage  reservoir  substantially  regulating  the  entire  flow  for  a 
series  of  years? 

In  answering  this  question  we  must  take  into  account  the 
character  of  the  waterpower  development  on  Hudson  river. 
The  most  of  it  is  24-hour  power  used  for  pulp-grinding  and  paper- 
making.  Pulp  may  be  ground  in  high-water  flow  and  stored  for 
use  in  months  of  minimum  flow.  This  circumstance  has  led  to 


Plate  17. 


Catcliiiieiit  area  of  Scbroon  river. 
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(level opiiient  of  Hudson  river  waterpowers  to  far  beyond  the 
low-water  flow  of  the  stream. 

Without  going  into  an  elaborate  discussion  at  this  time,  it 
is  considered  that  under  existing  conditions  to  substantially 
divert  the  entire  flow  of  Schroon  river  would  be  fairly  equivalent 
to  taking  from  500  to  600  cubic  feet  per  second  from  all  water- 
powers  on  the  Hudson  river  from  the  George  West  paper  mill  at 
Hadley  to  Troy.  This  does  not  mean  that  600  cubic  feet  per  sec- 
ond would  be  taken  away  in  the  low-water  months,  but  that  for 
an  average  of  all  years  the  runoff  of  Schroon  catchment  area  is 
equivalent  to  about  500  to  600  cubic  feet  continuously  when 
applied  to  Hudson  river  waterpowers.  As  a provisional  figure, 
accurate  enough  for  present  purposes,  we  may  use  550  cubic  feet 
per  second.  The  following  tabulation  shows  in  column  (4)  the 
net  power  at  75  per  cent  efficiency  of  550  cubic  feet  per  second 
of  water  on  the  stated  heads : 


Designation  of  Dam 

W orking 
head  on 
wheels 

Approximate 
net  horsepower 
actually  devel- 
oped in  1899 

Net  power  at 
75  per  cent  ef- 
ficiency of  550 
cubic  feet  per 
second 

Difference 
of  columns 
(3)  and  (4) 

(1) 

(2) 

(3) 

(4) 

(5) ; y 

George  West,  Hadley. . . . 

18 

1,350 

845 

505 

Palmer’s  Falls 

83 

14, 500 

3,897 

10, 603 

Canal  feeder  dam 

10  to  12 

1,450 

515 

935 

Glens  Falls 

16  to  38 

7,931 

1,784 

6,147 

Sandy  Hill 

12 

1,293 

564 

729 

Baker’s  Falls 

58 

3,  500 

2,724 

776 

Fort  Edward 

18 

6,393 

845 

5,548 

Fort  Miller 

10 

1,485 

469 

1,016 

Saratoga  dam 

*18 

3,130 

845 

2,285 

Stillwater 

6 

514 

282 

232 

Mechanicville 

16 

3,355 

751 

2,604 

Hudson  River  Power  Co . 

18 

3,000 

845 

2,155 

Troy 

7 

1,345 

329 

1,016 

Total 

314 

49, 246 

14, 695 

34, 551 

*The  head  at  the  Thomson  Pulp  and  Paper  Company’s  mill  is  18  feet;  at  the 
Thomson  and  Dix  sawmill  it  is  from  8 to  10  feet. 


The  foregoing  tabulation  shows  that  on  the  assumed  basis 
of  550  cubic  feet  per  second  the  total  decrease  in  waterpower 
would  be  14,695  net  horsepower,  amounting  to  nearly  30  per 
cent  of  the  whole. 

Let  us  now  examine  rapidly  as  to  the  approximate  value  of 
Hudson  river  waterpower. 
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In  the  fall  of  1898  the  writer  gathered  the  statistics  of  water- 
power on  Black  river,  where  a total  of  55,360  net  horsepower 
is  in  use  in  93  manufacturing  establishments  of  various  sorts 
and  kinds.  Of  these  36  are  papermills  using  46,587  net  horse- 
power. The  approximate  total  value  of  the  annual  product  of 
the  36  paper  mills  was  found  to  be  $5,242^620,  whence  the  aver- 
age value  of  the  annual  product  per  net  horisepower  becomes 
1112.50.  Similar  statistics  have  not  been  gathered  for  Hudson 
river,  where  the  mills  are  fewer  in  number,  but  so  much  larger 
than  on  Black  river  that  the  annual  product  approximates 
18,000,000  in  value.  Undoubtedly  the  cost  of  manufacturing  in 
large,  thoroughly  equipped  modern  mills  is  less  than  in  small 
mills,  and  the  writer  provisionally  places  the  value  of  the  annual 
product  of  Hudson  river  paper  mills,  per  net  horsepower  actually 
used,  at  |135.  On  both  Black  and  Hudson  rivers  the  mills  them- 
selves grind  a large  proportion  of  the  pulp  used,  and  when  this 
is  done  the  net  profits  of  the  paper  business,  over  and  above 
interest  on  invested  capital  and  all  other  fixed  charges,  may  be 
assumed  to  range  from  10  to  15  per  cent.  AVe  will  take 
12  per  cent  as  an  average.  On  this  basis  the  net  annual  i)rofit 
on  each  net  horsepower  in  use  at  Hudson  river  papermills 
becomes  $16.20,  which  at  5 per  cent  represents  a capitalized  value 
of  $324.  In  the  absence  of  more  exact  data,  and  for  the  pur- 
poses of  this  discussion,  we  will  use  this  figure  as  representing 
the  approximate  value  of  a net  horsepower  on  Hudson  river. ^ 
At  this  rate,  the  value  of  14,695  horsepower  becomes  $4,761,180, 
which  is  the  approximate  damage  to  the  Hudson  river  water- 
powers  from  Hadley  to  Troy  to  result  from  taking  the  mean 
quantity  of  775  cubic  feet  per  second  from  Schroon  valley  catch- 
ment area. 

Compensating  reservoirs  on  Hudson  river.  HoAvever,  reservoirs 
capable  of  supplying  500  to  600  cubic  feet  per  second  compensa- 
tion could  be  constructed  on  headwaters  of  main  North  river  and 
Sacandaga  river  for  less  than  $4,761,180. 

^At  Troy  there  is  a small  amount  of  miscellaneous  manufacturing  to 
which  a larger  figure  could  be  properly  applied. 

On  Black  river,  in  eight  machine  shops,  the  average  value  of  the  annual 
product  per  net  horsepower  is  $1728 ; in  nine  flour  and  feed  mills,  $627.20, 
etc. 
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Thus  far  the  trend  of  legal  decisions  in  the  State  of  New  York 
and  in  the  United  States  generally  has  been  against  compensa- 
tion in  kind  in  water  diversion  cases.^  Our  courts  have  usually 
held  that  money  compensation  may  be  exacted  in  such  cases. 
But  on  the  Hudson  river,  where  water  rights  are  not  only  appreci- 
ating in  value  rapidly,  but  are  furthermore  mostly  held  by  strong 
manufacturing  corporations,  it  is  possible  that  the  principle  of 
compensation  in  kind  could  be  applied  by  simple  agreement  with 
the  present  owners.  At  any  rate,  we  may  assume  for  present 
purposes  that  this  is  true,  and  accordingly  briefly  discuss  a sys- 
tem of  compensating  reservoirs  large  enough  to  supply  500  to 
600  cubic  feet  per  second,  either  continuously  or  so  far  as  might 
appear  necessary  after  a more  thorough  study  of  the  regimen  of 
the  stream. 

With  Hudson  river  runoff,  the  capacity  of  a reservoir  capable 
of  certainly  furnishing  650  cubic  feet  per  second  continuously 
should  be,  roundly,  16,000,000,000  cubic  feet.  To  furnish  550 
cubic  feet  per  second  continuously  about  12,000,000,000  cubic  feet 
would  answer.  The  location  and  approximate  cost  of  a series 
of  reservoirs  for  this  purpose  would  be  as  follows : 


i 

Name  of 
Reservoir 

Location, 
on  what  stream 

1 

Estimated 
capacity  in 
cubic  feet 

1 

Tributary 
catchment 
area, in 
square  miles 

Estimated 

cost 

Gonklinville  ... 

Sacandaga  river . 

10, 000, 000, 000 

900 

$1,400,000 

Lake  Pleasant . . 

Sacandaga  river . 

1,400,000,000 

45 

110,000 

Piseco  lake 

Sacandaga  river . 

1,725,000,000 

55 

100, 000 

Arietta  flow .... 

Sacandaga  river . 

1,400,000,000 

40 

80, 000 

Wakely  flow... 

Cedar  river 

1,819, 000,000 

58 

150, 000 

Boreas  and  Che- 

ney ponds .... 

Boreas  river 

1,411,000,000 

45 

160,  000 

Total 

17,755,000,000 

$2, 000, 000 

Taking  into  account  the  large  catchment  area  tributary  to  the 
proposed  Gonklinville  reservoir,  it  is  considered  that  the  fore- 
going total  storage  of  17,755,000,000  cubic  feet  would  considerably 
more  than  compensate — on  the  basis  already  outlined — for  the 
permanent  diversion  of  775  cubic  feet  per  second. ^ 

See  case  of  Black  river  cited  on  page  639. 

2 The  stated  tributary  catchment  area  of  900  square  miles  above  Conklin- 
ville  is  exclusive  of  Lake  Pleasant,  Piseco  lake  and  Arietta  flow  catch- 
ments. The  total,  with  these  included,  is  1040  square  miles. 
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The  total  estimated  cost,  as  per  the  preceding,  of  |2,000,000  is 
based  on  present  labor  conditions,  etc.  in  the  State  of  New  York, 
So  far  as  the  writer  can  determine  with  the  data  at  hand, 
^2,000,000  will  construct  the  compensating  reservoirs  proposed  in 
the  foregoing. 

Inasmuch  as  four  of  these  reservoirs  are  located  in  Sacandaga 
i-iver  catchment,  which  stream  is  tributary  to  the  Hudson  river 
below  proposed  Pladley  regulating  reservoir,  that  reservoir  is  not 
included  in  present  series. 

The  following  shows  the  difference  in  cost  between  ])aving 
waterpower  damages  and  ]>roviding  a system  of  eompensating 
reservoirs : 


Waterpower  damages |4,761,180 

Cost  of  compensating  reservoirs 2,000,0{)0 

Difference 12,761, 180 


With  the  system  of  compensating  reservoirs  the  total  estimated 
cost  of  reservoir  system  for  supply  of  775  cubic  feet  per  second 
becomes  |4,000,00().  But  if  waterpower  damages  were  to  be  paid 
in  money,  as  per  the  foregoing,  the  approximate  figure  becomes 
17,761,180.  For  even  figures,  we  may  take  the  latter  at  |8,000,000. 

If,  however,  we  assume  that,  owing  to  legal  difficulties,  not  only 
the  principle  of  compensation  in  kind  can  not  be  applied,  but  that 
a ]>artial  taking  of  the  properties  is  impracticable,  it  follows 
that  the  amount  to  be  paid  on  account  of  the  proposed  diversion 
of  775  cubic  feet  per  second — supplied  from  a single  large  reser- 
voir substantially  controlling  the  entire  flow  of  Schroon  river — 
becomes  considerably  greater.  The  data  are  not  at  hand  for 
accurately  estimating  the  full  value  of  the  several  properties 
affected,  but  from  casual  examination  the  provisional  figure  of 
from  112,000,000  to  $15,000,000  may  be  assumed.  In  any  case, 
if  the  entire  properties  were  acquired  by  the  City  of  Ne^v  York, 
apparently  the  rational  procedure  w^ould  be  to  make  such  reserva- 
tions as  might  seem  necessary  in  order  to  secure  the  city^s  right 
to  775  cubic  feet  per  second,  or  any  other  quantity  fixed  upon, 
and  to  then  sell  the  properties  subject  to  such  reservation.  By 
proceeding  on  this  line  the  City  of  New  York  ought  to  be  able  to 
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acquire  the  right  to  draw  775  cubic  feet  of  water  per  second  at  a 
cost  not  exceeding  the  sum  of  |4,7G1,180,  previously  found.  As 
an  alternative  proposition,  the  city  might  build  the  compensation 
storage  and  realize  the  full  value  of  the  property  when  sold. 

Water  i^upphj  for  Xcw  York  city  from  Lake  (jcorye.  About 
1880  the  New  York  and  Hudson  Valle^^  Aqueduct  Company  was 
incorporated  to  construct  a water  suppl}"  from  Lake  George  and 
up])er  Hudson  for  New  York  and  other  cities  of  lower  Hudson 
valley.  Ke])orts  on  this  jjroject  were  made  by  Col.  J.  T.  Fanning, 
cliief  engineer,  under  dates  of  December  1881,  and  November 
1884.  Colonel  Fanning  proposed  to  divert  Hudson  river  above 
Glens  Falls,  utilizing  the  extended  area  of  Lake  George  for  storing 
fiood-llows.  In  this  way  it  was  considered  that  a supply  of 
1,500,000,000  gallons  per  day  could,  if  necessary,  be  obtained 
(2315  cubic  feet  per  second).  Since  Colonel  Fanning’s  reports 
are  readily  obtainable,  space  will  not  be  taken  to  give  his  con- 
clusions in  detail.  The  following  are  the  main  elements  of  the 
Lake  George  project,  as  deduced  from  the  to])Ographic  sheets  of 
the  United  States  Geological  Survey: 

lOlevrition  of  lake  surface  above  tidewater.  . 323.0  feet 

Catchment  area,  including  water  surface.  . 229.0  square  miles 

.Area  of  A\ater  surface 43.4  square  miles 

Area  of  340  contour 49.2  square  miles 

Storage  between  323  4 T.  W.  and  340 21,043,308,540  cubic  feet 

Lake  George  is  surrounded  by  mountains  rising  to  an  altitude 
of  from  1500  to  2700  feet  above  tidewater.  There  is  little  special 
knowledge  of  the  rainfall,  but  it  can  not  be  materially  different 
from  that  of  the  Hudson  river  catchment  area.  The  outlet  is  at 
the  northern  end  of  the  lake,  and  has  a fall  in  a distance  of  about 
a mile  of  222  feet,  which  is  largely  utilized  in  paper  making,  infor- 
mation at  hand  indicating  a total  develo])ment  of  from  4000  to 
5000  net  liorsejKuver.  Taking  the  value  of  waterpower  as  pre- 
viously used  the  damage  to  Lake  George  outlet  waterpowers  may 
be  comjmted  at  |1,458,000.  Dut  since  the  entire  ])i*operties  would 
be  taken  we  may,  in  this  case,  estimate  that  the  final  damage 
would  not  be  less  than  |2,000,000. 

There  are  many  lai'ge  hotels  and  summer  resorts  about  Lake 
George  which  would  l>e  mostly  destroyed  by  raising  the  lake  sur- 


644 


NEW  YORK  STATE  MUSEUM 


face  from  17  to  20  feet.  The  taking  of  an  additional  strip,  for 
sanitar}^  protection,  as  in  Schroon  valley,  would  include  nearly  all 
of  these,  as  well  as  the  village  of  Caldwell. 

Basing  the  Lake  George  project  on  TTo  cubic  feet  per  second 
supply,  the  same  as  for  Schroon  valley,  it  is  found  that  from  300 
to  350  cubic  feet  per  second  would  come  from  the  Lake  George 
catchment  area.  The  balance  can  be  obtained  from  Schroon 
valley  by  a tunnel  through  tlie  initervening  ridge  ait  a point  above 
Warrensburg,  where  the  disitance  across  is  only  3.25  miles  (17,160 
linear  feet).  A diversion  weir  with  proper  regulating  head- 
works  would  be  required  on  Schroon  river.  The  elevation  of 
Schroon  river  at  the  point  of  diversion  is  about  670  feet.  With 
Lake  George  taken  at  323  feet,  the  difference  becomes  347  feet. 

For  several  montlis  of  each  year  the  runoff  of  Schroon  itver 
exceeds  550  cubic  feet  per  second,  the  mean  runoff  for  four  years 
being  1112  cubic  feet  per  second.  Henice,  a mean  of  550  cubic 
feet  per  second  could  be  diverted  into  Lake  George  and  still  leave 
Hudson  river  waterpowers  substantially  unimpaired.  The  con- 
necting tunnel  should  therefore  have  a capacity  of  about  2600 
to  2800  cubic  feet  per  second  in  order  to  divert  the  full  flood-flows. 

The  following  is  an  approximate  estimate  of  cost  of  Lake  George 
storage  with  diversion  tunnel  from  Schroon  valley,  etc. : 


Land  damages.  Lake  George |1,500,000 

Dam  at  foot  of  Lake  George 200,000 

Water  rights  on  Lake  George  outlet 2,000,000 

Sanitary  protection 400,000 

Clearing  and  stripping 300,000 

Diversion  weir  and  headworks  on  Schroow  river.  . . . 100,000 

Diversion  tunnel 1,500,000 

Compensationi  reservoirs 200,000 

Miscellaneous 500,000 


Total 16,700,000 


A comparison  of  this  estimate  with  the  foregoing  for  Schroon 
valley  project  fairly  leads  to  the  conclusion  that  independent  of 
lack  of  elevation  at  Lake  George,  the  Schroon  valley  project  is 
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preferable.  The  quality  of  Lake  George  water — the  same  as 
Schroou  river — is  uniexceptiouiable. 

Reservoir  system  for  river  regulation  only.  This  project  pro- 
poses the  development  of  storage  on  headwaters  of  the  Hudson 
river  in  order  to  hold  low -water  flow  at  as  high  a point  as  possible, 
thereby  driving  salt  water  further  dowmstiream  and  consequently 
permitting  of  taking  a supply  from  the  lower  Hudson  by  pumping 
lower  down  than'  would  otherwise  be  possible. 

In  the  flrst  report  on  the  upper  Hudson  surveys  it  is  shown  that 
a reservoir  system  may  be  developed  capable  of  maintaining  a flow 
at  Mechanicville  of  4500  cubic  feet  per  second.  The  following 
tabulaition  gives  the  main  elements  of  such  a system  of  reservoirs 
so  far  as  worked  out,  together  with  the  approximate  cost  of  the 
same,  all  based  on  13.5  inches  on  the  catchment  except  Schroon 
valley,  which  is  taken  at  18  inches  : 


Name  of  Reservoir 

Location, 
on  what  stream 

Estimated 
capacity  in 
cubic  feet 

Tributary 
catchment 
area  in 
square 
miles 

Estimated 

cost 

(1) 

(a) 

(3) 

(4) 

(5) 

Conklinville 

Sacandaga  river . . 

10, 000, 000,  000 

900 

$1,400,000 

Lake  Pleasant 

Sacandaga  river . . 

1,400,000,000 

45 

110,000 

Piseco  lake 

Sacandaga  river. . 

1,725,000,000 

55 

100, 000 

Arietta  flow 

Sacandaga  river . . 

1,400,000,000 

40 

80, 000 

Hadley 

Main  North  river. 

4, 000, 000, 000 

750, 000 

Thirteenth  pond  . . . 

Main  North  river. 

489, 000, 000 

14 

160, 000 

Chain  lakes 

Main  North  river. 

1,819,000,000 

58 

45, 000 

Catlin  lake 

Main  North  river . 

784, 000, 000 

25 

50, 000 

Lakes  Rich,  Harris, 

Newcomb,  etc. . . 

Main  North  river . 

2,608,000,000 

88 

250, 000 

Lake  Henderson. . . 

Main  North  river. 

565, 000, 000 

18 

40, 000 

Tahawus  flow 

Main  North  river. 

2,101,000,000 

67 

240, 000 

Boreas  river,  etc. . . 

Boreas  river 

1,411,000,000 

45 

160, 000 

Wakely  flow 

Cedar  river 

1,819,000,000 

58 

150, 000 

Tumblehead  falls. . 

Schroon  river  .... 

21,662,000,000 

518 

1 , 700, 000 

Total 

51,728,000,000 

$5, 235, 000 

The  capaicity  of  Indian  lake  reservoir  of  about  5,000,000,000 
cubic  feet  should  be  added  to  the  foregoing  total  of  51,728,000,000 
cubic  feet,  giving  a final  total  of  56,728,000,000  cubic  feet.  Fur- 
ther examination  will  probably  show  thiat  a somewhat  greater 
storage  can  be  obtained,  but  thus  far  the  data  for  final  con- 
clusions  have  not  been-  gathered.  A moderate  amount  of  storage 
may  alsio  be  constructed  on  headwaters  of  Mohaw^k  river,  but 
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only  general  statements  can  be  inaele  for  lack  of  definite  data. 
Probably  enough  storage  cair  be  made  here  to  give  a final  storage 
on  Hudson  and  ^Mohawk  rivers  of  about  75,000,000,000  cubic  feet. 

The  foregoing  estimates  of  cost  also  take  into  account  present 
labor  conditions,  etc.  in  New  York  State.  The  approximate  cost 
l*er  million  cubic  feet  of  storage  is  found  to  be  |101. 

The  advantages  of  such  a system  of  reservoir  to  Hudson!  river 
waterjtowers  have  been  so  fully  set  forth  in  the  ])receding  pages 
as  to  render  further  discussion  under  that  head  unniecessiary  in 
this  place. 

Leaving  for  tlu‘  jiresent  the  possible  storage  of  the  upper  Mohawk 
river  out  of  account,  and  basing  conclusions  on  56,728,000,000 
cubic  feet  storage  on  the  ujijier  Hudson,  we  may  say,  taking  into 
account  low-water  tlow  of  the  Mohawk  river  and  other  tributaries 
of  the  Hudson  river  below  Meehan icvi lie,  that  the  fresh  water 
inflow  of  the  lower  Hudson  river  may  be  kc])t  u])  to  over  6000  cubic 
f(^t  ]H‘r  s(‘cond.  At  present  it  is  occasionally  somewhat  less  than 
2000  cubic  feet  ])er  second.  The  etfect  of  flows  of  5000  tO'  6000 
cubic  feet  jkw  second  on  the  depth  of  water  at  Albany  may  be 
obtained  from  a series  of  diagraims  of  tidal  fluctuiations  at  Albany 
for  the  summer  seasons  of  1(S1)5-1898,  inclusive.  The  first  of 
these  diagrams  is  ])late  VI  of  the  first  Upper  Hudson  Storage 
Keport  (1895),  and  the  second,  plate  VII  of  the  Keport  on 
Milter  Suiijdy  of  Summit  Levels  to  United  States  Board  of 
Engineers  on  Uec])  Mliterways  (1899  ). 

OF  \\  ATFH  I*OA\  Fits 

Power  Development  at  Niagara  Falls 

The  possibility  of  waterjiower  development  ai  Niagara  Falls 
has  attracted  attention  for  many  years,  the  first  utilization  there 
having  been  made  in  1725,  when  the  French  erected  a sawmill 
near  the  jioint  wheie  the  Pittsburgh  Beduction  Compaii}'  s upper 
works  noAV  stand  for  the  purpose  of  supplying  lumber  for  Fort 
Niagara.  BeUveen  1725  and  the  early  years  of  the  present  cen- 
tury little  is  known  of  the  use  made  of  Niagara  Falls  power 
further  than  that  sawmills  Avere  in  operation  there  during  the 
Avhole  period.  In  1805,  hoAvever,  Augustus  Porter  built  a saAvmill 
on  the  rapids,  and  in  1807  Porter  & Barton  erected  a gristmill. 
In  1817  John  MTtmer  built  another  saAvmill  at  Gill  creek,  and 
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Vie^Y  of  head  of  canal  of  the  Niagara  Falls  Hydraulic  Power  and  Manufacturing  ('oiupany. 
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ill  1822  Augustus  rortei-  built  a gristmill  along  the  rapids  above 
the  falls.  From  that  year  to  1885,  when  the  lauds  along  the  river 
were  taken  for  a State  park,  a considerable  amount  of  power  was 
developed  by  a canal  which  took  water  out  of  the  river  near  the 
head  of  the  rapids  and  followed  along  the  shore  nearly  parallel 
with  the  bank  of  the  river.  Mills  were  built  between  this  canal 
and  the  river,  and  a part  of  the  50-foot  fall  between  the  head  of 
the  raj>ids  and  the  brink  of  the  Ameriran  Falls  was  thus  utilized. 
A jjapermill  was  built  on  Bath  island  at  an  early  date. 

In  1842  Augustus  Porter,  one  of  the  principal  mill  owners  at 
Niagara  Falls,  proposed  a considerable  extension  of  the  then 
existing  system  of  canals  and  races,  and  in  January,  1847,  in 
connection  with  Peter  Emslie,  he  published  a formal  plan  which 
became  the  subject  of  negotiations  with  Walter  Bryant  and  Caleb 
S.  Woodhull.  An  agreement  was  finally  reached  by  which  they 
were  to  construct  a canal  and  receive  a plot  of  land  at  the  head 
of  the  canal,  having  a frontage  of  425  feet  on  Niagara  river, 
together  with  ii  right  of  way  100  feet  wide  for  the  canal  along  its 
entire  length  of  4400  feet,  and  about  75  acres  of  land  near  the 
terminus,  having  a frontage  on  the  river  below  the  falls  of  nearly 
a mile.  The  canal  constructed  under  this  agreement  passes 
through  what  is  now  the  most  thickly  settled  part  of  the  city  of 
Niagara  Falls. 

Ground  Avas  broken  by  Messrs  Bryant  & Woodhull  in  1853  and 
the  Avork  carried  on  for  about  sixteen  months,  Avhen  it  Avas  sus- 
pended for  lack  of  funds.  Nothing  further  Avas  done  until  1858, 
Avhen  Stephen  Allen  carried  the  Avork  forward  for  a time;  later, 
in  18G1,  Horace  H.  Day  took  up  the  matter  and  completed  a canal 
3G  feet  wide,  8 feet  deep,  and  4400  feet  long,  by  Avhich  the  Avater  of 
tiie  upper  river  aauis  brought  to  a basin  near  the  brink  of  the  high 
bluff  of  the  lower  river  and  at  an  eleAmtion  of  214  feet  aboA^e  the 
loAver  river.  Upon  the  margin  of  this  basin  various  mills  have  been 
constructed,  to  the  Avheels  of  which  AAmter  is  conducted  from  the 
canal  and  discharged  through  the  bluff  into  the  river  beloAV^  The 
first  mill  built  on  this  hydraulic  canal  AAms  a small  gristmill, 
erected  by  Charles  B.  Gaskill  in  1870  on  the  site  of  the  present 
large  flouring  mill  of  the  Cataract  Milling  Company. 

Niagara  Falls  Hydraulic  Fairer  and  ^lanufacturing  Company. 
In  1877  tlie  hydraulic  canal  and  all  its  appurtenances  were  pur- 
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chased  by  Jacob  F.  Schoelikopf  and  A.  Chesbrough,  of  Biitfalo, 
who  organized  the  Niagara  Falls  Hydraulic  Power  and  Manufac- 
turing Company.  The  following  is  a list  of  companies  either  sup- 
plied or  to  be  supplied  with  power  by  the  Niagara  Falls  Hydraulic 
Power  and  Manufacturing  Company : 


POWEB  FURNISHED  BY  NIAGARA  FALLS  HYDRAULIC  POWER  AND  MANUFAC- 
TURING Company  in  1897 


Company 


Business 


Hoi'se- 

powcr 


(a)  Hijdraulic power 


Central  Milling  Co 

N.  Wood  Paper  Co 

Schoellkopf  & Mathews 

Pettebone  Cataract  Manufacturing  Co. 

Cataract  Milling  Co 

Niagara  Falls  Waterworks 

Thomas  E,  McGarigle 

Cliff  Paper  Co 


Flouring  mill . . . 
Paper  and  pulp , 
Flouring  mill . . . 
Paper  and  pulp. 
Flour 


Machine  shop . . . 
Paper  and  pulp , 


1,000 
500 
900 
2,  000 
400 
200 
25 
2,500 


Total 


7, 525 


(b)  Electric  power 


Pittsburg  Reduction  Co 

Niagara  Falls  and  Lewiston  R.  R.  Co 

Cliff  Paper  Co 

Lewiston  and  Youngstown  R.  R.  Co 

Buffalo  and  Niagara  Falls  Electric  Light 
and  Power  Co. 

Niagara  Falls  Brewing  Co 

Rod  well  Manufacturing  Co 

Sundry  small  customers  in  Niagara  Falls. . 

Francis  Hook  and  Eye  Co 

Kelly  and  McBean  Aluminum  Co 

The  National  Electrolytic  Co 


Aluminum 


Paper  and  pulp 


Light  and  power, 


Silver  plating,  etc .... 


Hooks  and  eyes 
Aluminum 


Total 


3,500 

400 

300 

200 

600 

150 

75 

100 

15 

15 

1,000 

0,355 


(c)  Mechanical  ijower  furnished  on  shaft 


Oneida  Community,  Limited. 
Carter-Crum  Co 


Silver-plated  ware  and 
chains 

Check  books 


300 

60 


Total, 


360 


Grand  total 


14, 240 


The  contract  made  iu  1852  between  Augustus  Porter,  Walter 
Biwant,  and  Caleb  S.  Woodhull  only  conveyed  lands  to  the  edge 
of  the  high  bank  of  Niagara  river,  but  did  not  include  the  talus 
or  slope  between  the  edge  of  the  high  bank  and  the  river,  and  only 
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Po\yer-lionse  of  the  Niagara  Falls  Hydraulic  Power  and  Manufacturing  ('oiupany. 
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granted  the  right  to  excavate  100  feet  down  the  face  of  the  bank. 
In  1852,  when  this  contract  was  made,  the  use  of  waterpower 
under  higher  heads  than  100  feet  was,  so  far  as  the  United  States 
was  concerned,  entirely  unknown.  Until  recently  the  mills  at 
Niagara  Falls  have  not  attempted  to  use  more  than  50  or  60  feet 


Fig.  41.  General  plan  of  development  of  the  Niagara  Falls  Hydraulic 
Power  and  Manufacturing  Company. 


head ; hence  it  resulted  that  although  the  capacity  of  the  Niagara 
Falls  Hydraulic  Power  and  Manufacturing  Company’s  canal,  as 
at  first  constructed,  was  sufficient,  by  development  of  the  whole 
head,  to  produce  about  15,000  horsepower,  under  the  original 
agreements  its  capacity  was  exhausted  when  about  7000  horse- 
power was  produced. 

In  1892  the  Niagara  Falls  Hydraulic  Power  and  Manufac- 
turing Company  began  an  enlargement  and  improvement  of  its 
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canal.  The  plan  adopted  was  to  widen  the  original  channel  at 
one  side  to  70  feet,  and  make  the  new  part  14  feet  deep.  This 
work  is  cut  entirely  through  rock,  below  the  water  line.  The 
enlargement  of  one  side  was  completed  in  ISDO.  The  canal  as 
enlarged  to  date  has  a capacity  of  about  3000  cubic  feet  per 
second,  giving  under  present  conditions  a total  of  from  40,000  to 
o0,000  horsepower,  the  cross-section  being  about  400  square  feet. 

In  a letter  from  John  Harper,  engineer  of  the  company,  written 
under  date  of  May  24,  1004,  it  is  stated  that  the  total  present 
development  of  this  company  is  4J,000  horsepower,  and  that  work 
is  now  in  progress  on  an  additional  100,000-horsepower  plant  to 
be  entirely  located  below  the  clilf.  Of  this  quantity  10,000 
horsepower  is  by  water  from  the  company's  waterway'. 

This  company  has  a grant  from  the  State  of  the  right  to  draw 
from  Niagara  river  as  much  Avater  as  can  be  taken  through  a 
canal  400  feet  wide  and  44  feet  deep. 

To  July  1,  1897,  about  100,000  cubic  yards  of  material  had  been 
taken  out  at  a cost  of  |250,000,  the  average  cuttings  in  the  original 
canal  from  the  surface  of  the  ground  to  the  surface  of  the  Avater 
being  about  S feet. 

The  development  by  this  conq)any  is  very  interesting.  A bulk- 
head is  located  at  the  top  of  the  high  bank  Avith  a forebay  back 
of  it  connected  Avith  the  main  Iiydraulic  canal  by  a shoPtbranch 
canal.  Fi'oni  the  forebay  a,  large  penstock  leads  vertically  doAvn 
the  cliff  to  a })OAverhouse  located  directly  on  the  shore  of  the 
loAver  riATU'.  In  this  poAA^er-house  horizontal  turbine  Avater  Avheels 
are  placed,  Avith  dynamos  directly  connected,  the  pOAver  therefrom 
being  transmitted  either  to  the  mills  on  the  blutf  aboAe  or  to 
establishments  at  a distance.  Without  taking  into  account  the 
cost  of  Avater  in  the  canal,  the  cost  of  the  cleA-elopment  of  poAA'cr 
in  the  AAmy  in  Avhich  it  is  noAV  being  developed  by  this  company 
may  be  placed  at  |35  per  horsepower.^ 

^Foi*  further  details  of  the  Niaji'ara  Falls  Hydraulic  Power  aud  Manu- 
facturing Coini)any,  see  (1)  I*oAver  DeA'elopinent  of  Niagara  Falls,  other  than 
that  of  the  Niagara  Falls  Power  Company.  l)y  AAh  C.  .Tohnson;  Trans.  Engi- 
neers’ Society  of  AYestern  Noav  York,  Ah)l.  I,  No.  6 (Feh.  3,  1896)  ; (2) 
Niagara  Fails  Hydraulic  PoAA’er  and  IManufacturing  Company’s  Noaa"  Work, 
by  Orrin  E.  Dunlap:  Electrical  Engineer.  AMI.  XX  (Dec.  4,  ISO."))  ; (3)  Old 
Hydraulic  Power  Plant  at  Niagara  Fa.lls  Transformed  for  Electrical  Trans- 
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View  of  interior  of  station  of  Niagara  Falls  llydranlie  Power  and  Mannfactnring  Company. 
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Xi(((/ar((  Poirrr  (\)in /)(n(i/.  Tlie  Nia<>ai'a  Falls  Power  Com- 
pany has  (leyeloiied  an  extensive  plant  on  (piite  ditferent  lines 
from  that  of  the  Niaj^ai'a  Falls  Hydranlic  Power  and  Mainifae- 
tnrino-  Com])any.  In  1888  to  1885  Thomas  Evershed,  who  was  at 
that  time  division  engineer  of  the  western  division  of  the  Xew  York 
State  canals,  was  called  on  to  survey  Niagara  Falls  Ihirk  Reserva- 
tion, as  ],>rovided  for  by  act  of  the  Legislature.  This  led  Mr  Ever- 


Fig.  42  Niagara  Falls  and  vicinity,  showing  location  of  the  great  tunnel. 


shed  to  spend  (‘Oiisiderable  time  at  Niagara  Falls,  during  which 
he  conceived  the  project  of  constructing  a tunnel  to  begin  at  the 
level  of  the  lower  river  and  extend  under  the  city  of  Niagara  Falls 
for  a distance  of  about  miles.  This  tunnel  was  to  be  generally 
parallel  to  the  Niagara  river,  but  at  some  little  distance  from 
it.  At  its  head  and  at  various  points  along  the  river  from  above 
Port  Day  it  was  proposed  to  construct  branch  canals  connecting 


Lunlnp:  Western  Electrician,  Vol.  XIX  (Dec.  5,  1890)  ; 
^ C*onipany  of  Nia.s^ara  Falls,  New  York, 

by  Y.  C.  Jolmson:  Trans.  Am.  8oc.  Civil  Eng..  Vol.  XXXII  (Aug.,  1894). 
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with  the  river  and  through  Avhich  water  could  be  taken,  to  he 
discharged  upon  turbine  wlieels  placed  in  vertical  Avheel  pits  and 
connected  with  the  tunnel  at  various  points. 

The  Niagara  River  Hydraulic  Tunnel,  Power  and  vSewer  Com- 
pain’  of  Niagara  Falls  was  incorporated  in  18S6  for  the  purpose 
of  constructing  and  operating,  in  connection  with  Niagara  river, 
a hydraulic  tunnel  or  subterranean  sewer  for  public  use  in  the 
disposal  of  sewage  and  drainage  and  for  furnishing  hydraulic 
power  for  inanufacturing  ])urposes  in  the  town  of  Niagara  Falls. 
In  consideration  of  the  ])ublic  service  of  sewerage  and  drainag'e, 
this  company  was  authorized  to  acquire  land  by  condemnation. 

The  general  j)lan  of  development  is  described  by  Mr  Evershed 
in  a report  made  July  1,  18SG,  in  which  he  states  that  the  main 
tunnel  would  begin  at  a ])oiut  on  the  lower  river  immediately 
north  of  the  State  reservation,  with  its  mouth  as  low  as  high 
Avater  below  the  falls  Avould  ])ermit.  From  this  point  to  half  a 
mile  above  Port  Day  it  should  have  a rise  of  1 foot  in  100,  or  52.8 
feet  per  mile,  and  a section  above  Port  Day  equivalent  to  a circle 
24  feet  in  diameter,  the  tunnel  gradually  diminishing  in  size  in 
accordance  with  the  number  of  mills  emptying  tail-water  into  it, 
until  at  the  upper  end  it  would  have  the  same  area  of  cross  section 
as  the  connecting  cross  tunnels.^ 

The  matter  remained  in  abeyance  until  1889,  Avhen  the  Niagara 
Falls  Power  Company  Avas  organized  to  carry  out,  in  effect,  Mr 
EAd'shed’s  plan.  The  actual  Avork  of  construction  Avas  under- 
taken by  the  Cataract  Construction  Company,  composed  of 
William  B.  Rankine,  Francis  Lynde  Stetson,  Pierpont  IMorgan, 
Hamilton  McK.  Twombly,  Edward  A.  Wickes,  Morris  K.  Jesup, 
Darius  Ogden  Mills,  Charles  F.  Clarke,  Edward  D.  Adams, 
Charles  Lanier,  A.  J.  Forbes-Leith,  Walter  HoAA’e,  John  Crosby 
Brown,  Frederick  AV.  AATiirtridge,  AATlliam  K.  Vanderbilt,  George 
S.  BoAvdoin,  Joseph  Larocque,  John  Jacob  Astor  and  Charles  A. 
Sweet.  This  company  has  modified  the  original  plans  in  some 
])articulars,  although  the  general  scheme  has  been  carried  out. 

The  plan  finally  determined  on  comprised  a surface  canal  250 
feet  in  Avidth  at  its  mouth  on  the  river,  1%  miles  above  the  falls, 

^See  pamphlet,  Water  PoAA’er  at  Niagara  Falls,  prospectus  of  the  Niagara 
River  Hydraulic  Tunnel,  PoAA’er  and  Sewer  Company  (1S8G). 
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Power-lionse  of  the  Niagara  Falls  Power  Company. 
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extending  inwardly  1700  feet,  with  an  average  depth  of  12  feet, 
and  computed  to  furnish  Avater  sufficient  for  the  development  of 
about  120,000  horsepower.  The  masonry  Avails  of  this  canal  are 
pierced  at  intervals  with  inlets,  guarded  by  gates.  Some  of  these 
are  used  to  deliver  water  to  tenants  who  construct  their  OAvn 
Avheel  pits  and  set  their  oAvn  Avheels,  Avhile  10  of  them  are  ar- 
ranged on  one  side  of  the  canal  for  the  purpose  of  delivering 
water  to  the  wheel  pit  of  the  Niagara  Falls  Power  Company’s 
power  station,  Avhere  dynamos,  placed  at  the  top  of  turbine  ver- 
tical shafts,  generate  electricity  for  transmission.  The  wheel  pit 
nt  the  power  station  is  178  feet  in  depth  and  connected  with  the 
main  tunnel  by  a short  cross  tunnel.  The  main  tunnel  as  carried 
out  has  a maximum  hight  of  21  feet  and  a width  of  18.82  feet, 
making  a net  section  of  38G  square  feet.  The  slope  of  this  tunnel 
is  6 feet  to  1000. 

The  most  careful  consideration  aa  as  given  to  the  subject  of  the 
turbines  to  be  used,  as  AA^ell  as  to  the  question  of  poAA^er  trans- 
mission. In  1890  EdAvard  D.  Adams,  aaIio  Avas  then  president  of 
the  company,  established  an  International  Niagara  Commission, 
Avith  power  to  offer  |20,000  in  prizes.  This  commission  consisted 
of  Sir  William  Thomson  (noAv  Lord  Kehun),  Dr  Coleman  Sellers, 
Lieut.  Col.  Theodore  Turretini,  Prof.  E.  Mascart,  and  Prof.  W.  C. 
Unwin.  Inquiries  concerning  the  best-known  methods  of  deA^elop- 
ment  and  transmission  of  poAver  in  England,  France,  SAvitzerland 
and  Italy  were  made,  and  competitive  plans  AAwe  received  from 
twenty  carefully  selected  engineers  and  manufacturers  of  poAver 
plants  in  England,  Europe  and  America.  These  plans  Avere  sub- 
mitted to  the  commission,  Avhich  awarded  prizes  to  those  con- 
sidered worthy.  The  most  important  result  was  the  selection  of 
the  designs  of  Faesch  and  Piccard,  of  Geneva,  for  turbines  com- 
puted to  yield  5000  horsepoAA^er  each.  Three  wheels  have  been 
built  from  these  designs  and  are  noAV  in  place  and  regularly 
operated. 

Without  going  into  details  of  the  electrical  Avork,  it  may  be 
stated  that  the  Niagara  Falls  Power  Company  adopted  the  two- 
phase  alternating  current  system  as  best  adaj)ted  to  its  Avork.  In 
the  dynamos  employed  the  field  magnet  revolves  instead  of  the 
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armature.  As  advised  by  the  company's  electrical  engineer,  Prof. 
George  Forbes,  of  London,  three  such  dynamos,  of  5000  horse- 
power each,  constructed  by  the  ^Vestinghouse  Gom])any,  of  Pitts- 
burg, have  been  installed.  During  the  summer  of  1S9G  a trans- 
mission line  was  constructed  from  Niagara  Falls  to  Buffalo,  and 
since  November  of  that  veai“  some  of  the  street  railwavs  in  Buffalo 
have  been  operated  electricailly  by  power  from  Niagara  Falls. 

According  to  a statement  of  William  B.  Bankine,  secretary  of 
the  Cataract  (Construction  Coni})any,  the  j)Ower  furnished  or  con- 
tracted for  by  the  Niagara  Falls  flower  (Company  July  1,  1897, 
was  as  follows : 


Power  furnished  by  the  Niagara  Falls  Power  Company  in  1897 


Company 


Business 


Horse- 

power 


((/)  H udraiilic'  power 

Niagara  Falls  Paper  Company 1 Paper 


(?;)  Electric  power 


Pittsburg  Reduction  Company 

The  Carborundum  Company 

Acetylene  Light,  Heat  and  Power  Company. 
Buffalo  and  Niagara  Falls  Electric  Light 

and  Power  Company 

Walton  Ferguson 

Niagara  Electro-Chemical  Company 

Buffalo  and  Niagara  Falls  Electric  Railway. 
Niagara  Falls  and  Suspension  Bridge  Rail- 
way Company  ^ 

Buffalo  Street  Railway  Company 

Acetylene  Light,  Heat  and  Power  Company  2. 

Mathieson  Alkali  Works  ^ 

Buffalo  Street  Railway  Company 

Buffalo  General  Electric  Company  ^ 

The  Carborundum  Company  ^ 

Niagara  Falls  Water  Works  Company 

Power  City  Foundry  and  Machine  Company . 
Albright  and  Wilson 


Aluminum 

Abrasives 

Calcium  carbide 

Local  lighting 

Chlorate  of  potash . . 
Peroxide  of  sodium . . 
Local  railway 

Local  railway 

22-mile  transmission . 

Calcium  carbide 

Soda  ash 


Lighting  . 
Abrasives 


Electro-chemicals  . . . 


Total  hydraulic  power  sold  at  Niagara  Falls 
Total  electric  power  sold  at  Niagara  Falls. 
Total  electric  power  sold  at  Buffalo 

Total  


7,200 


3, 050 
1,000 
1,075 

500 

500 

400 

300 

250 

1,000 

4,000 

4.000 

1.000 

3.000 

1.000 
45 
25 

400 

7,  200 
16, 545 
5, 000 


28, 745 


U\.ll  from  October  1,  1800. 

-From  delivery,  say,  Nov(*mber  1.  1897. 
^b'rom  .June  1,  1807. 

H^rom  November  1.5,  1807. 

'■From  .Tune  1,  1807. 
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Vi('w  of  interior  of  power-lionse  of  the  Xingara  Falls  Power  Company. 
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Kecapitulaition  of  the  total  ])ower  in  nse  or  furnished  from 
Niagara  Falls  Januairy  1,  181)8,  shows  the  following  amounts: 

Hydraulic  power  : Horsepower 

Niagara  Falls  I^ower  Coinpany 7,200 

Niagara  Falls  Hydraulic  I’ower  and  Manufacturing 

Company  7,525 

Flectric  power: 

Niagara  Falls  Power  .Company 21,545 

Niagara  Falls  Hydraulic  Power  and  Manufacturing 

Company  0,355 

Mechanical  power  : 

Niagara  Falls  Hydraulic  Power  and  Manufacturing 

Company  300 


Total  42,985 


The  officers  of  tlu^  Niagara  Falls  Power  Company  in  1904  are 
1).  O.  Mills,  president;  Edward  A.  AVickes,  first  vice-president; 
AVilliam  ]>.  Kaii'kiiie,  second  vice-presiident  and  treasurer;  E.  L. 
Lovelace,  secretary,  and  Ml  1‘axton  Little,  assistant  secretary 
and  assistant  treasurer. 

41iis  company  has  largely  extended  its  ])Owerliouise  within  the 
last  two  or  thi*ee  years.  In  a letter  froni  tVilliam  B.  Rankine, 
under  date  of  March  21,  1904,  it  is  stated  that  eleven  dynamos 
in  the  new  power-house  are  now  in  ])lace  so  that  the  units  in- 
stalled in  both  power-houses  have  a rated  capacity  of  110,500 
horsepower,  and  that  the  comj)any  is  delivering  to  its  consumers 
at  Niagara  Falls,  Buffalo  and  intermiediate  jioints  a maximum 
of  75,000  horsepower. 

The  110,500  horsepower  now  developed  represents  the  full 
cajKicity  of  the  ])resent  tunnel.  This  company  has  secured  the 
right  of  way  for  a second  dischairge  tunnel,  so  that  when  the 
demand  for  power  renders  it  necessary,  the  present  plant  may 
be  duplicated,  thus  furnishing  200,000  horsepower.  In  addition 
to  this  large  develo])ment  on  the  American  side,  originally  the 
('"anadian  Niagara  Power  Coni])any,  an  allied  corporation,  held 
from  the  Canadian  government  an  exclusive  franchise  granting 
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to  it  the  ri«lit  to  deveio])  on  the  Caiuuliaii  side  at  least  250,000 
horsepower,  bat  this  has  been  modified  and  in  1904  additional 
developments  are  in  process  on  the  Canadian  side  b}^  the  Ontario 
lh)wer  {'ompanv  and  the  Electrical  Development  Company  of 
Ontario.  The  Canadian  Niagara  Power  Oompany  proposes  to 
limit  its  development  to  110,000  horsepower  while  the  Ontario 
Power  Company  will  develop  180,000  horsepower.  The  Develojt- 
ment  Co'm])any  of  Ontario  has  a capacity  of  125,000  horsepower. 
The  total  possible  })ower  which  may  be  developed  in  the  future 
at  Niagara  Falls  is  about  as  follows d 

IIors('iK)\ver 


Niagara  Falls  I’oAver  Coni])any’s  ])resent  tunnel 100,000 

Niagara  Falls  Power  Compjuiy's  second  tnnnel 100,000 

Niagara  Falls  Hydraulic  Power  & 5ranufa(*tnring  Com- 
pany’s canal 150,000 

Canadian  Niagara  Pow(U‘  (h)inpany’s  lunmds 110,000 

Ontario  Power  Company 180,000 

1 >evelo]>ment  Com])any  of  Ontario 125,000 


Total 


705,000 


'The  developments  in  ])rogress  at  Niagara  Falls  are  being  car- 
ried out  on  very  broad  lines  and  probably  furnish  the  best  exam- 
ples of  modern  hydraulic  work.  They  certainly  lead  so  far  as  the 
United  States  and  Canada  are  comauned.  A complete  account 
of  th(‘  works,  giving  details  of  all  the  engineering  features, 
would  make  a lai'ge-sized  monogi-apii.- 

an  intorGsting  discns.sion  as  to  tlio  Grt'oet  of  divGrting  large  (luantities 
of  water  from  Niagara  river  for  power  purposes,  see  report  of  Clemens 
llerscbel,  made  December  12,  189o,  on  the  Diversion  of  Wnter  from  the 
Niagara  Itiver  for  Power  Purposes  by  the  Niagara  Palls  Hydraulic  Power 
and  jManufacturing  Company  and  by  the  Niagara  Palls  Power  Company, 
and  the  Unimportant  Effect  of  such  Diversion  upon  the  Piver.  Mr.  Iler- 
schel  bases  his  discussion  on  the  data  of  the  lake  survey  of  an  ordinary  and 
usual  flow  of  20.5.000  cubic  feet  ])cr  second.  Peasoning  from  this  premise 
he  concludes  that  even  when  300,000  or  400,000  horsepower  are  in  use  the 
effec't  upoii  the  depth  of  the  river  will  be  insignificant.  It  seems  cleam 
enongh  that  this  ])roposition  is  open  to  discussion. 

-The  main  facts  in  i*egard  to  the  plant  of  Niagara  Palls  Power  Company 
have  been  furnished  by  U.  IT.  Groat,  former  secretary  of  the  company.  Por 
more  extended  information  the  reader  is  referred  to  1)  Cassier's  ^Magazine, 
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Power-bouse  of  the  St  Lawrence  Power  Company. 
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Plate  24. 


Interior  of  power-house  of  the  St  Lawrence  Power  Company. 
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Power  Development  on  St  Lawrence  River 

The  St  Laicreiicc  Power  Company.  Ainoiig  the  large  })ower 
developments  under  construction  in  the  State  of  New  York  is  that 
of  the  St  Lawrence  PoAver  Company  at  Masisena,  on  St  Law- 
i^nce  and  Grasse  rivers.  The  plant  includes  the  excavation  of 
a canal  leading  from  the  St  Lawrence  river  to  Grasse  river,  a dis- 
tance of  three  miles,  the  building  of  a poAver-house,  togetlier 
AAdth  the  inistallation  of  electric  generators  and  the  necessary 
equipment  of  turbine  Avater  wheels.  The  furniishing  of  the  elec- 
tric apparatus  was  awarded  to  the  Westinghouse  Electrical  & 
Manufacturing  Company. 

The  plan  of  develoijment  is  to  divert  a portioni  of  the  water  of 
St  T^wi’ence  river  from  itsi  natural  channel  by  means  of  a canal, 
carrying  it  3 miles  across  to  Grasse  river,  AAdiere,  after  operating 
turbines,  it  will  pass  by  way  of  Grasse  river  to'  the  St  LaAvrence 
at  a point  loAver  down  stream.  Just  beloAV  AAdiere  the  canal  takes 
AA  ater  from  St  LaAvrence  river  are  Long  Sault  rapids,  Avhich  haA^e 
a fall  of  about  50  feet.  Grasse  riA^er  runs  nearly  parallel  to  the 
St  LaAAwence  for  sCA^eral  miles,  flowing  into  it  a short  distance 
below^  tlie  foot  of  .Long  Sault  rapids.  To  the  south  of  the 
St  LaAvrence  river,  and  between  it  and  the  valley  of  Grasse  river, 
there  is  a comparatively  level  plateau. 

The  aAcrage  Avidth  of  Grasse  riA^er  from  its  mouth  to  above  Avhere 
the  power  canal  Avill  intersect  it  is  from  250  to  300  feet,  and  its 
Avalter  surface,  for  that  portion,  is  substantially  on  a level  with 
St  LaAvrence  beloAv  the  rapids;  hence  the  surface  of  Grasse  river 
at  the  point  Avhere  the  power  canal  striketsi  the  stream  is  from 
45  to  50  feet  beloAV  the  surface  of  the  St  LaAAuence  at  the  head 
of  the  canal.  The  poAver  station  Avill  be  located  on  tlie  north 
bank  of  Grasse  river,  the  tail-Avater  dropping  into  that  stream, 
which  thus  beconies,  in'  effect,  a tailrace  for  this  pOAver  develop- 

Vol.  VIII  (July,  1895),  where  inaAr  be  found  an  account  of  nearly  every 
phase  of  the  Niagara  Falls  Power  Company’s  development;  2)  The  Elec- 
trical World,  Vol.  XXX  (Oct.  23,  1897),  which  may  be  consulted  for  a 
description  of  the  extension  of  the  wheel  pit;  3)  Niagara  Falls  publication 
of  the  Niagara  Falls  Cliamber  of  Commerce,  issued  in  1897;  4)  the 
various  numbers  for  1897  of  Greater  Buffalo,  a monthly  publication  de- 
voted to  promoting  the  prosperity  of  Buffalo  and  Niagara  Falls.  Engineer- 
ing NeAvs  and  other  technical  journals  may  also  be  consulted. 
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inent.  Making  some  alloAvaiiee  for  increased  depth  of  water  in 
Grasse  river  bertween  the  power  staftion  and  its  mouth,  when 
receiving  the  tail-wat(‘r,  and  also  some  allowanc(‘  for  inclimitioii 
of  the  water  surface  of  the  head  canal,  it  is  considered  that  a })er- 
manent  power  of  about  40  feet  will  be  obtained. 

The  work  of  consitructing  the  canal  and  j»relimiiia.ry  work  on 
the  foundatioiTS'  of  the  }>ower-house  was  started'  in  1897,  at  which 
time  it  was  expected  that  the  work  would  be  completed  in  1899. 
The  St  Lawrence  Power  ('oan])any,  by  whom  tlu‘  work  has  lu^en 
done,  was  orgairized  under  the  laws  of  New  York  with  a ca])ital 
stock  of  $6,000,000. 

For  the  present,  work  u])on  the  canal  was  completed  in  190o„ 
It  has  an  average  de^]dh  of  18  feet  and  a surface  width  of  200 
feet.  It  is  constructed  throughout  its  entire  length  in  excava- 
tion and  is  api)roximately  straight  throughout.  At  the  head  of 
the  canal  there  is  a slight  ])romontory,  which  protects  it  from  ice 
and  drift  in  the  St  Lawrence  river. 

At  the  ^lassena  end^  with  tlu'  foundations  carried  to  rock,  a 
power-house  d(‘signed  by  dohn  Pogjirt  of  N(Mv  York  and  iMessrs 
Kincaid,  IN'alhu*  and  ^lanvilh*  of  London,  has  been  constructed. 
It  will  be  nearly  TOO  feet  long  when  com])leted,  with  a width  of 
150  f(  et.  Victor  turbines  to  the  extent  of  42,000  horsepower  have 
been  installed.  The  wheels  are  con.t rolled  by  an  electric  governor 
in  the  ]tower-house.  The  exciter  wheels  are  27  inches  in  diameter, 
two  to  each  exciter,  discharging  through  one  draft-tube  and 
operating  at  275  revolutions  ]jer  minute. 

The  dynamos  are  of  6000  horsepower,  2200  volts,  3000  alter- 
nations, 3-phase  revolving  field  tyjie,  with  external  armature. 
The  speed  is  150  revolutions  j>er  minute.  The  efficiency  at  full 
load  96  per  cent.  The  heating  at  full  load,  continuous,  35  degrees 
rise.  'Weight  of  revolving  element,  80,000  pounds,  and  total 
weight  of  the  dynanios,  350,000  pounds. 

T.he  switchboards  for  the  alternating  current  machines  and 
for  the  feeders  are  operated  electro-pneumatically,  and  for  the 
exciters  a standard,  direct  current  switchboard  has  been  installed, 
with  hand-operated  switches. 

In  a letter  from  Mr  Bogart,  consulting  engineer  to  the  com- 
pany,  muler  date  of  Mavc-li  2H,  1004,  it  is  stated  that  the  Pitts- 


Plate  25. 


Effect  of  water  at  the  Hudson  River  Power  Traiisiiiissioii  Company's  works. 
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burg  Kediictiou  Conipaiiv  have  built  on  the  banks  of  tlie  power 
canal  a large  establishment  for  tiie  manufaeture  of  aluniiinuiii  and 
liave  arranged  to  take  from  the  8t  Lawrence  Powm-  Company 
10,000  horsepower.  This  power  was  sold  upon  the  shaft  of  the 
turbines,  the  Pittsburg  Reduction  Company  putting  in  their  own 
generators,  wliich  are  direct  current  and  not  alternating. 

At  present  there  are  seven  sets  or  units  of  turbines  installed, 
each  of  three  pairs  of  Victor  wheels,  with  an  output  of  GOOO 
horsepower  per  unit.  Two  of  these  units  are  those  referred  to 
as  equipped  with  direct-current  generators  for  the  Pittsburg 
Reduction  Company;  three  other  units  have  5000-horsepower 
alternating  current  Westinglioiise  generators,  fully  installed, 
with  all  connections,  bus-bars,  switchboards  and  other  appur- 
tenances; the  two  remaining  turbines  are  not  yet  equipped  witli 
electric  generators. 

The  village  of  iUassena  is  lighted  by  the  Power  Company  and 
l.awremce  water  is  su]»]»lied  from  the  canal  under  jiressure. 

Aside  from  the  IMttsburg  Reduction  Company,  no  other  indus- 
tries are  yet  established. 

Power  Development  on  Hudson  River 

The  Hudson  River  Roin  r T ra nxntission  Vont  nanij.  Among  the 
important  developments  on  the  Hudson  river  mention  may  be 
made  of  the  i)lant  of  the  Hudson  River  Power  Transmission 
Company,  two  miles  below  Mechanicville.  This  plant  is  eleven 
miles  from  Troy,  eighteen  miles  from  Albany,  and  seventeen 
miles  from  Schenectady. 

The  Hudson  river  is  here  divided  by  an  island  into  two  channels 
with  a total  width  of  about  1200  f(‘et.  The  dam  and  power-house 
were  constructed  in  1897  and  1898.  The  western  channel  of  the 
river  is  used  for  j>ower  head  and  tailrace.  Tlie  dam  is  15  feet 
high  above  the  river,  8 feet  thick  a short  distance  below  the»crest 
and  IG  feet  through  the  face.  The  original  length  of  the  spillway, 
which  was  situated  on  the  east  side  of  the  island,  was  707  feet, 
but  since  the  original  construction  an  additional  spillway,  143 
feet  long,  has  been  added  by  removing  the  earth  and  rock  from 
the  river  bank,  one  foot  lower  than  the  crest  of  the  main  dam. 
The  power-house  of  concrete  is  at  the  west  end  of  the  dam  and 
may  be  considered  as  a continuation  thereof.  The  length  of  the 
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power  house  is  257  feet  aud  width  5G  feet.  The  headworks  are 
protected  by  piers,  so  placed  in  the  river  as  to  force  ice  and  logs 
to  follow  the  course  of  the  main  river  over  the  dam.  The  elec- 
tricity generated  is  transmitted  to  Schenectady  for  use  in  the 
General  Electric  Company’s  works. 

This  plant  is  developed  for  5000  horsepower,  although  in  ex- 
treme loAV  water  it  is  not  capable  of  supplying  as  much  as  this. 
There  are  auxiliary  engines  to  supplement  the  low  water  power. 


t2ZJS0(^ATER 
PRESSURE 
!Z  FT  OVER 


Fig.  ta.  Section  of  overfall  of  Hudson  River  Water  Power  Company 


ELEV. 


The  Hudson  River  ^Vutcr  Power  Company.  This  company  be- 
gan an  extensive  development  at  Spier  Falls  in  1900,  which  has 
involved  the  excavation  of  270,000  cubic  yards  of  rock  and  the 
building  of  130,000  cubic  t^ards  of  concrete  and  rubble  masonry. 
The  masonry  has  been  laid  at  the  rate  of  8000  cubic  yards  per 
month. 

The  location  of  this  power  is  on  the  Hudson  river,  nine  miles 
southwest  of  Glens  Falls.  The  reservoir  created  by  the  dam  is 
5 miles  long,  1-3  mile  wide  and  with  80  feet  head.  Ten  turbines, 
capable  of  developing  5000  horsepower  each,  drive  djmamos 
whereby  electricity  can  be  supplied  to  Saratoga  Springs,  Sche- 


Plate  26 


View  of  works  of  Ilndsoii  Uiver  Water  Power  roiiipaiiy  in  Angnst,  lOod. 
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Plate  27. 


View  of  works  of  Hudson  River  Water  Power  Company  in  April,  11MJ4. 
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nectad}',  Glens  Falls,  Troy  and  Albany.  The  company  states 
that  at  times  of  low  water  the  minimum  power  clevelopment  will 
be  20,000  horsepower. 

It  is  imderstood  the  c-omixiny  has  in  contemplation  the  con- 
struction of  a large  storage  reservoir  at  Oonklinville  and  at 
other  points  on  Hudson  river. 

The  power-house  is  divided  into  three  sections — the  wheel 
room,  generator  room  and  transformer  and  switchboard  room. 
In  the  wheel  room  there  are  ten  pairs  of  turbines,  each  with 
capacity  of  5000  horsepower  under  80  feet  head.  These  wheels 
are  set  12  feet  above  the  level  of  tail-water,  each  pair  outletting 
to  one  draft-tube.  The  generator  room  contains  ten  33o0-horse- 
power  3-phase  2000-volt,  10  cycle,  direct  connected  General 
Electric  Company’s  generators,  running  at  240  revolutions  per 
minute.  There  will  also  be  three  265-horsepower  exciters,  each 
direct  connected  to  its  own  water  wheel.  In  the  transformer 
room  there  will  be  thirty  1000-horsex3ower  high  potential  trans- 
formers, besides  motors  and  blowers,  and  high  and  low  potential 
switchboards. 

On  the  pole  line  five  feeder  circuits  have  a capacity  of  50,000 
Iiorsepower,  the  longest  one  being  42  miles. 

The  following  statement  of  the  financial  resources  of  the 
JIudson  River  Water  Power  Company  is  taken  from  the  com- 
pany’s prospectus : 

Contiacts  Avith  General  Electric  Co.: 

No.  1 (5000  horsepower) |1 12,500  00 

No.  2 (5000  horsepoAver)  134,375  00 

1246,875  00 

Coiiti’act  Avith  Glens  Falls  Portland  Cement  Co.: 

1000  horsepoAver  guaranteed 22,500  00 

Contract  Avith  United  Traction  Co., 

Albany  (through  the  Hudson 
RiA^er  Electric  Co.  and  the 
Hudson  RiAmr  Power  Trans- 
mission Co.)  minimum  estimate: 


No.  1 (4000  horsepower) |72,500  00 

No.  2 (2000  horsepoAver)  90,000  00 


162,500  00 
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Contract  with  the  Municipal  Gas  Co. 
of  Albany,  to  be  sn])plied  iinine- 
diately  that  ,gas  company  may 
secure  necessary  apparatus: 

idght,  4000  horsepower,  at  |G0  net  .'jf240,000  00 
Power,  2000  horsepower,  at  |G3.40 
net  12G,800  00 


Contract  with  the  Troy  Lighting  Co., 
to  be  supplied  immediately  that 
lighting  com})any  may  secure 
necessary  a{)j)aratus: 

Light,  oOOO  horsepow(‘r,  at  |G0  net  |180,000  00 

Power,  3000  horse])ower,  at  |G3.40 

net  190,200  00 

Net  earnings  of  the  Saratoga  Gos,  Fdectric  Liight 

and  J’owcr  ('o  

Net  earnings  of  the  P>allslon  Spa  light  and 

Power  (\)  . . . r 

Watervliet  ])ower  contracts 


|3G(),800  00 


370,200  00 

42,500  00 

4,908  00 
25,000  00 


Gross  r(T-eij)ts  of  Hudson  Itiver  Water 

l‘ower  Co |1,241,349  00 

Annual  operating  expenses |100,000  00 

Annual  interest  charge  on  |2, 000,000 
Hudson  River  Water  l^ower  Com- 
pany’s 5 per  cent  bonds 400,000  00 

Annual  interest  charge  on  |2,000,000 
Hudson  River  Electric  Company's 
5 per  cent  bonds  outstanding.  . . . 400,000  00 

Annual  interest  charge  on  Hudson 
River  Power  Transmission  Com- 
pany’s bonds  and  operating  ex- 
penses of  company 5G,000  00 

35G.000  00 


Net  surplus 


1885,349  00 


Plate  28. 


Empire  State  1‘ower  (’ompaiiy,  showing  clam  ; general  view. 
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Plate  29. 


Empire  State  Power  Company,  sbowi 


IIYDIIOLOGY  OF  NEW  YOKK 


Animal  I'oi'oipts  from  sales  of  1)21)7 
additional  horsepower  actually 
a])])lied  for  in  the  following 


cities : 

Saratoga |58,250  00 

(liens  Falls 45,717  00 

Hallston  Springs 20,000  00 

Sandy  Hill  25,000  00 

Fort  Edward  15,000  00 


1163,907  00 


Net  surplus  earnings  after  meeting  operating 

expenses  and  interest  charges |1,049,316  00 


This  statement  shows  a net  surplus  of  oyot  |1,000,000  for 
annual  dividends  on  the  stock  and  for  further  operations  of  the 
company.  On  the  foregoing  showing  this  is  a good  project  and 
worthy  of  consideration  by  anybody  desiring  to  invest  in  water 
power. 

In  addition  to  the  Hudson  Kiver  Water  Power  Company,  asso- 
ciated companies  are  the  Hudson  River  Electric  Company,  the 
Hudson  River  Power  Transmission  Company,  the  Saratoga  Gas, 
Electric  Light  and  Power  Company,  and  the  Ballston  Springs 
Eight  and  Power  Company. 

Power  Development  on  Schoharie  Creek 

The  Tmpire  l^tatc  Poicer  Coinpanp.  In  1899  the  Empire  Stale 
Power  Company  began  the  development  of  an  extensive  plant 
on  Schoharie  crecdc.  The  original  project  included  the  develop- 
ment of  power  plants  at  1)  Burtonvilh*;  2)  two  miles  below 
Burtonville;  3)  Schoharie  falls;  4)  Mill  Point,  and  5)  a short 
distance  above  Fort  Hunter. 

a8/7c  Xo.  1.  The  plant  at  Burtonville,  as  originally  proposed, 
was  to  have  85  feet  fall.  In  order  to  create  this  power  a 
masonry  dam  47  feet  high  was  to  be  constructed,  with  a power 
canal  on  the  ('ast  side  leading  6000  fi^et  down  the  stream.  As 
an  alternative^  proposition,  it  has  been  proposed  to  make  this 
devedopimmt  with  only  a short  canal,  placing  the  power  station 
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just  beloAY  tlie  dam.  It  lias  also  been  proposed  to  construct  a 
masonry  dam  at  Burtonville  village,  which  will  be  of  sufficient 
bight  to  make  u])  for  the  fall  in  the  river  of  about  IG  feet.  In 
this  case  the  canal  would  be  located  on  the  west  side  of  the 
river. 

Site  Xo.  2.  At  the  time  of  examining  (bis  matter  in  1900  bor- 
ings had  not  been  made  at  site  No.  2,  and  in  the  absence  of 
definite  information  as  to  the  depth  of  rock  it  was  idle  to  specu- 
late. This  plant  included  a short  canal  which  could  be  easily 
constructed. 

Site  Xo.  3.  The  Ihujiiri^  Slate  Bower  Oom])any  constructed  a 
plant  at  Schoharie  falls  in  1899  and  1900.  This  plant  includes 
a masonry  dam  and  head'  canal  4000  feet  in  length,  with  the 
])ower  station  situated  at  the  foot  of  said  canal.  In  the  origi- 
nal ])roject,  owing  to  erroneous  conceptions  as  to  the  flow  of 
Schohai'ie  creek,  the  canal  was  designed  for  a maximum  flow 
of  1500  cubic  fe/'t  per  second,  although  in  carrying  this  amount, 
friction  would  consume  about  two  feet  of  head.  Later  on  it 
was  conclud(‘d  that  800  cubic  feet  per  second  would  be  perhaps 
a safer  maximum.  A cross-section  of  the  dam  is  shown  in  figure 
No.  -2G.  This  dam  is  12  feet  in  bight,  and  by  carrying  the  canal 
4000  feet  down  the  stream  40  feet  head  is  secured. 

Site  Xo.  '/.  This  ])lant  is  at  Mill  lh)int,  miles  below  vScho- 
harie  falls.  The  site  is  now  occupied  by  a gristmill  and  sawmill 
which  are  owned  by  the  Empire  State  Power  Company.  The 
dam  is  to  be  of  timber  and  8 feet  in  bight. 

Site  No.  5.  At  tliis  ])lant  Ihe  dam  is  to  he  of  timber  and  pre- 
sents no  difficulties  in  develo])ment.  It  is  situated  about  one  mile 
above  Fort  Hunter  and  will  realize  practically  the  entire  catch- 
ment area  of  iSchoharie  creek. 

The  object  in  developing  these  plants  on  Schoharie  creek  was 
to  transmit  the  power  electrically  to  Amsterdam,  seven  miles 
distant,  where,  on  account  of  a large  amount  of  manufacturing 
by  steam  power,  there  was  an  excellent  market  for  electricity.  It 
was  also  proposed  to  transmit  1000  horsepower  to  the  Helder- 
berg  Cement  Company  at  Howe’s  Cave,  and  pole  lines  were  con- 
structed with  reference  to  these  transmissions. 

Assuming  that  storage  enough  is  made  to  insure  a permanent 
flow  of  G50  cubic  feet  per  second,  it  is  possible  to  develop  on 


Plate  30. 


General  view  of  Trenton  Falls  in  time  of  high  water.  (West  Canada  creek.) 
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Plate  31. 


Power  dam  of  Utica  Gas  and  Electric  Company  on  West  Canada  creek. 
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Schoharie  creek  about  9000  liorsepo'»Yer.  Ar  to  whetlier  the  ])o^Y(‘r 
is  to  be  10  liour^  12  liour  or  21  hour  power  will  also  be  taken 
into  account.  There  is,  lioweYer,  some  doubt  as  to  wliether  it  is 
possible  to  make  a storage  large  enough  to  secure  a flow  of  650 
cubic  feet  per  second,  and  until  thorough  surreys  are  made  this 
must  be  considered  merely  a possibility.  In  view  of  this  uncer- 
tainty and  doubt,  it  is  considered  safer  to  assume  that  not  more 
than  5000  to  6000  permanent  power  can  be  developed  within 
commercial  limits. 

The  dam  at  Schoharie,  falls  is  of  masonry,  backed  with 
limber.  It  was  originally  constructed  witli  crest  380  feet  long, 
but  in  the  spring  of  1901,  in  a heavy  flood,  a portion  of  the 
dam  and  canal  was  carried  away.  Damage  to  the  canal  was 
due  to  inadequate  wasteway  arrangements — the  wasteway  origi- 
nally constructed  being  only  50  feet  in  length.  Owing  to 
financial  difficulties  this  dam  was  not  repaired  until  1902,  at 
Avhich  time  the  cost  of  repairing  it  and  the  raceway  and  the 
making  of  the  necessary  repairs  to  power  station  was  estimated 
at  180,000 — the  actual  cost  was  somewhat  more  than  this. 
In  the  repairs,  the  dam  was  made  620  feet  in  length  and  the  waste- 
Avay  100  feet  in  length.  It  is  understood  that  in  the  fall  of  1903 
the  dam  was  again  carried  away  by  floods  and  that  it  has  not 
yet  been  rebuilt.  Owing  to  these  ^ unexpected  expenditures  the 
company  is  in  financial  difficulties  and  it  is  uncertain  whether 
the  dam  is  likely  to  be  repaired. 

Power  Development  on  West  Canada  Creek 

The  Utica  Gas  <G  Electric  Company.  In  1901-2  a power  plant 
was  constructed  at  Trenton  Falls  by  the  Utica  Gas  & Electric 
Company.  The  following  are  some  of  the  particulars  of  this  plant, 
as  derived  from  a letter  from  C.  A.  Greenidge,  superintendent  of 
the  electrical  department  of  that  company,  dated  April  6,  1904 : 

This  plant  includes  a concrete  dam,  with  hight  above  the  bed 
of  the  stream  of  GO  feet  and  55  feet  thick  at  the  base;  288  feet 
long  and  arched  upstream  on  a radius  of  800  feet.  It  is  con- 
structed of  concrete,  partly  faced  with  stone.  In  its  center  there 
is  a spillway  100  feet  wide  and  on  the  right,  cut  in  the  rock  face 
of  the  gorge,  another  spillway  112  feet  wide.  At  a depth  of  40 
feet  below  the  surface  of  the  pond  there  are  four  60-inch  su])p]y 
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])ipes,  only  Two  of  wliicli  are  in  nse  at  i)resent.  These  ])ipes  are 
joined,  by  means  of  a east  iron  Y,  into  a 7-foot  penstock.  Tlie 
pensto(*k  is  :>700  feet  lon«',  and  for  2700  feet  is  constructed  of 
})ine  staves  banded  with  %-inch  round  steel  bands.  Tliese  bands 
are  about  G inches  a]>art.  The  balance  of  the  })enstock  of  about 
1000  feet  is  constructed  of  steel  varyino-  in  thickness  % inch  to 
% inch  ; 250  feet  from  the  end  of  the  j)enstock  there  is  a stand- 
j)ipe  180  feet  high.  Mdien  there  is  no  load  on  the  i)lant  the  water 
rises  150  feet  high  in  this  }ti])e,  but  falls  from  10  to  15  feet  as 
the  load  varies.  The  ])enstock  leads  into  a receiver  from  which  are 
taken  four  48-inch  and  two  12-inch  ])i])es.  Kach  of  the  48-inch 
pipes  sup])li(‘s  an  1800-horsepower  outward  liow  reaction  turbine, 
with  verti(‘al  shaft.  A 1000  kilowatt  alternating  current  genei*a- 
tor,  running  at  2G0  revolutions  ](er  minute,  is  connected  to  this 
shaft.  Each  of  the  12-inch  ])ij)es  sup])lies  a 110-horse})ower 
turbine,  with  vertical  shaft  direct  connected  to  the  armature  of  a 
75-kilowatt  direct  current  generator,  running  at  750  revolutions 
per  minute.  The  total  head  is  2G5  feet,  and  the  maximum  load 
carried  during  the  winter  of  1!)04  was  7G00  horsepower.  The  cur- 
rent is  transmitted  at  22,000  volts  to  Etica,  12yo  miles  distant. 
The  usual  ste])-uj)  and  ste])-down  transformei-s  are  included.  This 
})lant  was  designed  by  Win.  A.  Itrackenridge. 

Power  Development  on  Raquette  River 

Hannaua  Falls  Wafer  Power  (Unaianiij.  There  is  an  im- 
portant power  development  at  Hannawa  Falls  on  Raquette  river, 
where  the  catchment  area  is  9G7  sijuare  miles.  This  stream  has  a 
fall  of  nearly  300  feet  in  three  miles  of  its  course  below  the  vil- 
lage of  (A)lton,  and  a further  fall  of  85  feet  in  the  next  two  miles 
of  its  course. 

The  land  and  water  rights  along  this  part  of  the  river  have  been 
acquired  by  the  Hannawa  Falls  Water  Fow^U'  Eompany,  who  have 
deveiojied  the  lower  85-foot  fail.  A masonry  dam  has  been  built 
at  the  village  of  Hannawa  Falls,  forming  a pond  2yo  miles  long 
and  covering  200  acres.  From  this  pond  the  water  is  conducted 
by  a canal  2700  feet  long  as  a forebay,  thence  by  penstocks  to  the 
wheels.  The  tailrace  extends  2000  feet  from  the  power-house, 
bidiig  separated  from  the  Ra(juett(‘  river  by  an  (unbankment  of 
earth  and  stone.  At  the  point  s(d(‘cted  for  the  dam  the  bed  of 


Plate  32. 


Power  station  of  Utica  Gas  and  Electric  Company  on  West  Canada  creek. 
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the  river  is  rotsdaiii  sandstone,  tlie  strata  dipping  at  an  angle 
of  about  30  degrees  downstream.  The  banks  are  of  sandstone, 
nearly  perpendicnlar,  and  about  375  feet  apart  np  to  a level  of 
10  feet  below  the  crest  of  the  dam. 

The  material  for  the  construction  of  the  masonry  work  was 
obtained  from  quarries  near-by.  It  is  Potsdam  sandstone  which 
comes  out  from  the  quarry  with  nearly  level  beds,  and  no  cutting 


Fig’.  44  Cross-section  of  dam  at  Haiinawa  Falls. 


was  done  except  to  level  the  crest  of  tlie  dam  after  the  stone  was 
in  place.  For  the  downstream  face  of  the  dam  stones  from  12  to 
18  inches  in  thickness,  2 to  4 feet  wide  and  3 to  4 feet  long,  were 
used,  the  beds  being  laid  normal  to  the  surface.  For  the  upstream 
face  a rubble  wall  about  3 feet  thick  Avas  laid  of  smaller  stone. 
The  space  between  Avas  filled  Avith  large  boAvlders  and  irregular 
shaped  quarry  stones,  Avith  concrete  rammed  in  around  and  be- 
tAveen.  This  dam  Avas  completed  in  the  fall  of  1899  and  has  had 
■P/2  feet  of  Avater  over  its  crest  in  tAvo  different  seasons.  The  dam 
is  perfectly  Avater-tight. 
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The  canal  is  about  2700  feet  long  and  20  feet  deep  from  the  top 
of  the  banks,  the  bottom  being  14  feet  below  the  crest  of  the  dam. 
The  bottom  width  of  the  canal  is  30  feet  and  the  top  width  110 
feet. 

The  Hannawa  Falls  Water  Power  Company,  in  cooperation 
with  other  waterpower  owners  on  the  Raquette  river,  expect  to 
construct  reservoirs  which  will  maintain  a constant  flow  of  2500 
cubic  feet  per  second  in  the  river. 

The  power  station  is  constructed  of  rotsdam  sandstone  and 
steel.  The  penstock  pipes  are  of  steel,  -ro-inch  and  f-inch  in 
thickness.  At  present  (1904)  -there  is  only  one  water-wheel  set 
for  the  electrical  equipment.  This  wheel  is  a 1250-horsepower 
horizontal  water-wheel,  built  by  James  Leffel  & Compan^^  At 
each  end  of  the  horizontal  shaft  there  is  a direct  connected  350- 
kilowatt  three-phase  4400-volt  generator.  There  is  also  an  oppor- 
tunity to  set  three  other  similar  wheels. 

The  two  350-kilowatt  generators  are  connected  to  the  wheel 
shaft  by  plate  couplings,  having  a movable  plate  between  the  faces. 
They  are  of  the  revolving  field  type,  having  24  poles  and  deliver- 
ing three-phase  current  at  a frequency  of  GO  periods  per  second 
and  a pressure  of  4400  volts.  They  run  at  300  revolutions  per 
minute  and  are  excited  by  two  belted  exciters,  each  of  sufficient 
capacity  to  supply  both  generators. 

The  switchboard  of  Vermont  marble  consists  of  two  generator 
panels  with  indicating  instruments,  one  exciter  panel  with 
switches  and  instruments  for  both  exciters,  two  4400-volt  feeder 
panels,  with  relay,  circuit  breakers,  oil  break  switches,  and  watt- 
meters, one  220-volt  panel  with  seven  distributing  switches,  one 
transformer  panel,  and  one  20,000-volt  panel  with  three  quick- 
break  switches  having  marble  barriers. 

The  Hannawa  Falls  Water  Power  Company  owns  the  electric 
lighting  plant  in  the  village  of  Potsdam,  44  miles  from  the  sta- 
tion, with  which  village  it  is  connected  by  a double  line,  which 
consists  of  three  cables  of  seven  strands  each,  of  aluminum  wire. 
This  line  was  computed  to  transmit  375  kilowatts  with  a drop  of 
400  volts,  delivering  4000  volts  at  Potsdam,  where  it  would  be 
stepped  down  for  transmission  to  consumers.  The  20,000-volt  line 
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is  intended  to  run  to  the  village  of  Canton,  10^  miles  from  Han- 
na wa  Falls,  and  finally  to  the  city  of  Ogdensburg,  19  miles 
farther. 

It  is  also  intended  to  utilize  a portion  of  the  power  to  be  de- 
veloped here  for  grinding  wood-pulp,  and  accordingly  a ground 
wood-pulp  plant  of  100  tons  capacity  per  day  is  included. 

In  the  grinder  room  two  pairs  of  4000-horsepower  water-wheels, 
built  by  the  S.  Morgan  Smith  Company,  are  placed  on  horizontal 
shafts  and  supplied  with  water  from  two  independent  10-foot  pen- 
stocks, discharging  into  a common  tailrace.^  From  the  foregoing 
it  appears  that  in  1904  about  9000  horsepower  is  developed  at  this 
station,  although  the  writer  is  unable  to  state  whether  or  not  the 
full  capacity  of  the  pulp-grinding  machinery  is  utilized.  These 
works  were  designed  by  W.  C.  Johnson. 

Waterpower  of  Erie  canal 

When  the  Erie  canal  was  first  constructed  the  policy  was 
adopted  of  leasing  the  so-called  surplus  water  for  power  pur- 
poses. Under  the  terms  of  the  act  of  1825  leases  were  made 
during  1826  and  subsequent  years  to  a number  of  persons  at 
Black  Kock,  Lockport  and  other  localities. 

Power  at  Black  Rock.  The  granting  of  these  leases  and  the 
resultant  development  of  large  manufacturing  interests  at  several 
points  have  raised  certain  economic  questions  which  will  now  be 
briefly  discussed.  The  waterpower  at  Black  Kock,  for  which 
several  leases  were  granted,  will  be  first  mentioned.  This  power 
is  created  by  the  difference  in  level  between  the  water  in  the  Erie 
canal  and  the  Black  Rock  harbor  and  that  in  the  Niagara  river 
outside  the  harbor  wall,  this  difference  of  water-level  amiounting 
to  from  4 feet  to  4.5  feet.  As  measured  in  the  spring  of  1896,  at 
a point  near  the  ship  lock,  it  was  about  4 feet.  According  to 
the  report  of  the  Assembly  Committee  of  1870,  there  were 
formerly  ten  mills  in  operation  at  Black  Rock,  using  2744  second- 
feet  of  wmter.  The  power  developed  by  these  mills,  and  all 
operating  at  full  capacity,  is  estimated  at  not  exceeding  520 
horsepower.  Owing  to  the  decline  of  the  milling  business  in 

^Abstract  from  paper,  Water  Power  Development  at  Hamiawa  Falls,  by 
W.  C.  Johnson.  Trans.  Am.  Soc.  of  Meeh.  Engrs.,  Vol.  XXIII. 
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Xew  York  State  a imiiiber  of  these  mills  have  passed  out  of 
existence. 

The  four  mills  still  in  existence  require  about  1200  cubic  feet  of 
water  per  second  to  operate  them  at  the  full  capacity  of  the  wheels 
now  in  place. 

The  use  of  water  by  the  Black  Bock  mills  has  always  been  a det- 
riment to  navigation.  When  all  were  running  the  amount  of  water 
actually  drawn  through  the  canal  and  harbor  for  their  supply,  ami 
for  the  supply  of  the  canal  to  the  east  of  Buffalo,  was  fully  3300 
cubic  feet  per  second.^ 

When  all  the  Black  Bock  mills  were  in  operation  the  great  draft 
of  water  so  obstructed  the  navigation  that  the  Legislature  finally 
authorized  the  construction  of  a division  wall  in  Black  Bock  har- 
bor, by  which  it  was  expected  that  the  water  supply  for  the  mills 
would  be  entirely  taken  from  the  harbor,  leaving  the  channel  of 
the  canal  pretty  nearly  free  for  the  purposes  of  navigation;  but 
after  the  greater  part  of  the  wall  was  completed  it  was  ascer- 
tained that  because  of  the  silting  of  the  upper  harbor  with  sewage 
mud,  as  well  as  drifting  sand  from  the  lake,  there  would  be  diffi- 
culty in  obtaining  the  full  snp|)jy  for  the  mills  through  the  harbor, 
without  extensive  dredging.  The  division  wall  was,  therefore, 
never  completed,  two  gaps,  amounting,  in  the  aggregate,  to  several 
hundred  feet,  having  been  left  below  Terry  street.  There  was  thus 
an  expenditure  of  about  1350,000  for  the  benefit  of  the  milling 
interests  which  is  entirely  without  effect  for  lack  of  completion. 
Under  the  present  conditions,  however,  of  entire  decline  of  the 
Black  Bock  milling  interests,  there  is,  of  course,  no  reason  why 
the  wall  should  be  completed,  and  the  matter  is  discussed  here 
merely  for  the  purpose  of  bringing  out  clearly  the  struggle  be- 
tween the  navigation  interests  and  the  manufacturing  interests, 
which  has  been  in  progress  in  New  York  Skate  for  the  last  seventy- 
five  years. 

Power  at  Lockport.  At  Lockport  the  construction  of  the  Erie 
canal  through  the  mountain  ridge  created  a fall  of  58  feet  at  a 
single  point,  and  since  the  use  of  water  for  lockage  purposes  is 

^Tbe  Assembly  Committee  of  1870  give  the  following  figures  as  then 
applicable:  Lower  Black  Rock  mills,  1887  second-feet;  upper  Black  Rock 
mills,  858  second-feet;  for  supply  of  canal,  583  second-feet;  total,  3328 
second-feet. 


flate  33. 


Po^Ye^  dam  of  the  Haimawa  Falls  Water  Power  Company  on  Raqnette  river. 
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only  a siaall  part  of  tlie  whole  how,  the  balance  required  to  f(a*d 
the  canal  to  the  east  of  Locki>ort  is  necessarily  dfscharged 
ai‘onnd  the  locks  into  the  lower  canal  by  means  of  sluiceways, 
laider  the  laws  of  1825  a public  auction  was  held  in  the  village 
of  Lockport,  in  the  fall  of  that  year,  and  the  right  to  use  this  snr- 
I)lns  water  sold  to  ^Messrs  Richard  Kennedy  and  James  H.  Hatch, 
whose  successors  at  the  present  day  constitute  the  Lockport 
Hydra nlic  Power  Oonq)any. 

Lockport  has  nsnally  been  considered  more  purely  a result  of 
the  canal  development  thaiii  any  other  point  in  western  New  York, 
for  the  reason  that  while  nearly  all  other  towns  in  the  region  had 
some  growth  before  the  Erie  canal  Avas  located,  it  Avas  only  in 
1821,  after  the  ])resent  locatioiii  for  the  canal  had  been  definitely 
decided  on,  that  the  nnclens  of  a village  Avas  formed  here  by  the 
contractors  and  their  AA'orkmen  employed  on  the  canal.  In  1820 
there  Avas  no  frame  house  or  barn  Avithin  5 miles  of  Lockport, 
and  there  Avere  less  than  GOO  acres  of  cleared  land  in  the  4 square 
miles,  of  Avhich  the  city  of  Lockport  is  noAv  the  center.  More- 
over, there  are  no  natui'al  advantages  Avhich  AAmuld  have  naturally 
led  to  the  growth  of  an  im])ortant  town  at  this  point. 

MJien  once  started,  hoAAmver,  under  the  impulse  of  the  canal 
developinent,  Lockport  grew  rapidly  until,  in  1829,  Avith  a popu- 
lation of  -8000,  it  AA  as  incorporated  as  a village,  and  in  1865  as 
a city.  The  ])0})ulation-in  1890  aayrs  16,038;  in  1904  it  is  estimated 
at  over  17,000. 

The  total  investment  in  manufacturing  plants  at  Lockport 
de])eiident  on  the  Erie  canal  Avater  supply  aimounts  to  |2,531,000. 
The  total  number  of  establishments  is  33,  employing  1880  opera- 
tives. The  total  poAver  now  in  use  on  the  Erie  canal  proper  is 
2625  net  horsepoAver . 

A short  distance  to  the  east  of  the  foot  of  the  locks  a small 
sti-eam  knoAvn  as  the  A^est  bi'anch  of  Eigliteenmile  creek  crosses 
under  the  canal.  This  stream,  although  having  a catchment  area 
of  only  1 or  2 square  miles  to  the  south  of  the  canal,  has  cut  a 
dee])  valleA^  Avith  rapid  fall  for  a considerable  distance  to  the 
north  of  the  canal.  Tn  order  to  provide  for  discharging  the  sur- 
])lus  Avaters  from  the  canal,  an  overfloAV  into  Eighteenmile  creek 
was  constructed  at  an  early  day.  A mill  Avas  also  permitted  to 
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take  water  from  the  lower  level  and  discharge  its  tail-water  into 
the  creelf.  Finally  the  Jackson  Lumber  Company  was  permitted 
to  construct  a sluiceway  on  the  tow-path  side,  through  which  it 
drew  for  many  years  about  600  cubic  feet  per  second,  and  which 
was  all  discharged  into  Eighteenmile  creek.  Complaints  having 
frequently  been  made  that  boats  were  drawn  against  this  sluice 
on  the  tow-path  side,  the  Superintendent  of  Public  Works,  in  1892, 
granted  a formal  permit  to  the  Jackson  Liimber  Comjvany  to 
construct  a sluice  and  subway  under  the  canal  bottom,  by  which 
this  water  is  now  drawn  from  the  berine  side.  Under  this  permit 
a substantial  masonry  sluice  was  constnicted  in  1893.  In  the 
meantime  the  Jackson  Lumber  Oompany  has  gone  out  of  exist- 
ence and  this  Avaterpower  has  yrassed  into  the  hands  of  the 
Traders’  Paper  Company,  which  now  occupies  the  site  with  its 
])ulp-mill  No.  1. 

The  Avest  branch  of  Eighteenmile  creek  descends  about  175 
feet  Avithin  the  limits  of  the  city  of  Lockport,  of  which  148  feet 
have  been  utilized  for  poAver  during  recent  years. 

The  follo'Aving  are  the  companies  now  using  poAver  on  this  creek 
and  the  horsepower  used  by  each  : 

Hoi'sepower 


Traders’  Paper  Company 1,060 

Lockport  Paper  Company 230 

Niagara  Paper  Company 115 

AVesterman  Company ^20 

Cascade  Pulp  Conipany 925 


CoAvles  Smelting  Company 


Total 3,835 


The  output  of  the  establishments  on  the  Avest  branch  of  Eighteen- 
mile creek  is  about  |2,000,000  a year;  but  this  sum  includes  the 
output  of  the  Indurated  Fibre  Company,  Avhich,  Avhile  operating 
by  steampower,  dejiends  largely  for  a sui)ply  of  pulp  on  the 
Cascade  Pulp  Company.  In  any  case  the  figures  show  the  magni- 
tude of  the  manufacturing  interests  Avhich  have  been  fostered  in 
the  valley  of  the  west  branch  of  EighbK^nmile  creek  by  discharging 
into  that  stream  about  300  second-feet  of  water  from  the  Erie 
canal. 
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With  2625  net  horsepower  in  use  on  the  canal  proper,  and 
3835  on  the  west  branch  of  Eigli  teen  mile  creek,  the  total  actually  in 
use  at  Lockport,  and  dependent  on  Erie  canal  for  its  water  supply, 
is  6460  net  honsepower. 

No  stateinents  as  to  the  value  of  the  annual  product  of  the 
manufacturing  establishments  on  tiie  raceways  of  the  Lockport 
Hydraulic  Power  Company  have  been  given.  It  isi  therefore  im- 
possible to  state  accurately  the  value  of  the  total  annual  product 
at  Lockport.  As  several  of  the  establishmente  there  are  very 
extenisive,  including  the  Holly  Manufacturing  Company,  it  may 
be  assumed  that  the  annual  output  of  this  portion  of  the  Lockport 
manufactories  has  a value,  at  least,  of  |1,000,000 ; hence  we  reach 
a total  value  of  the  annual  product  for  the  whole  city  of  about 
13,000,000. 

The  annual  rental  paid  to  the  State,  under  the  terms  of  the 
original  lease,  is  only  |200.  At  first  sight  it  appears  that  there 
is  here  a most  marked  caise  of  what  could  only  be  termed  blunder- 
ing on  the  part  of  State  officials,  although  on  analyzing  the  matter 
it  is  found  that  this  extreine  view  is  hardly  correct.  In  the  first 
place  it  must  be  remembered  that  this  lease  was  granted  not  only 
by  authority  of  an  act  of  Legislature,  but  was  onl}-  granted  after 
a public  auction  had  been  held,  at  which  Meissrs  Kennedy  and 
Hatch  were  the  highest  bidders.  As  already  shown,  had  not  the 
special  conditions  created  by  the  Erie  canal  existed  at  Lockport, 
there  Avould,  in  all  probability,  have  been  no  thriving  city  at  that 
point,  but  the  area  on  which  Lockport  now  stands  would  have 
been  farming  land,  with  no  more  value  than  now  attaches  to 
farming  lands  in  the  adjoining  township  of  Lockport. 

In.  order  to'  show  the  results  of  this  lease,  at  |200  a year,  a 
study  has  been  made  of  the  growth  of  Lockport  from  the  year 
1865,  when  Lockport  became  a city,  to  1896.  From  such  study 
it  appears  that  the  valuation  of  the  city  has  increaised  from  less 
than  13,000,000  to  over  |6,700,000,  and  that  the  total  State  tax 
collected  up  to  and  including  the  year  1896  has  aimounted  to  over 
half  a million  dollars.  If  this  had  remained  a farming  community 
the  State  tax  would  probably  not  have  been  more  than  3 per 
cent  of  this  amount.  Using  this  tax  return  as  a basis,  it  has 
been  computed  that  there  has  been  an;  actual  increase  of  wealth 
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to  the  people  of  the  State  by  the  existence  of  Lockjiort  of  over 
one  and  a half  niillioic  dollars,  not  including  in  this  the  actual 
increased  value  of  the  city  itself.  The  conclusion  is  drawn  tliat 
the  benefit  to  the  State  at  large  has  been  very  great  on  account  of 
this  expenditure  for  internal  iniproveinent,  irrespeetive  of  ques- 
tions of  navigation.  This  question  is  also  discussed  on  page  2dfi. 

Power  at  Medina.  The  Oak  Orchard  ftHHler  and  the  waterpower 
at  Medina  present  somewhat  difterent  points  for  consideration 
from  those  at  Lockport. 

About  18iM)  the  Canal  Commissioners  caused  a cut-otf  channel  to 
be  constructed  through  Tonawanda  swanq)  between  Tonawanda 
and  Oak  Orchard  creeks,  whereby  the  early  summer  fiow  of  Tona- 
wanda creek  is  diverted  into  Oak  Orchard  creek.  Oak  Orchard 
creek  passes  under  the  Erie  canal  at  Medina,  and  (he  original 
feeder  channel  at  that  place  was  an  artificial  channel  leading  from 
a dam  thrown  across  the  week  and  entering  the  canal  near  the 
west  brancli  of  Oak  Orchard  creek  at  Medina.  At  some  })eriod  sub- 
sequent to  1823  a raceway  was  constructed  by  t)rivate  parties  lead- 
ing from  a second  dam  highei*  (lian  tli(‘  feeder  dam  and  conducting* 
water  into  the  central  part  of  the  village,  where,  after  it  is  used,  it 
is  finally  allowed  to  pass  into  the  canal.  During  the  enlargement 
of  183G  to  18G2  the  water-surface  level  of  the  canal  at  Medina  was 
raised,  and  inasmuch  as  this  change  necessitated  raising  the 
feeder  dam  somewhat,  it  was  finally  concluded  to  discontinue  the 
feeder  and  depend  entirely  on  the  raceway  for  such  supply  as  the 
canal  might  receive  at  this  point. 

Oak  Orchard  feeder  has  been  considered  as  furnishing  about  27 
cubic  feet  of  water  per  second  to  the  canal,  although  measure- 
ments made  in  1850  show  about  37  cubic  feet  per  second.  Since 
then  the  clearing  up  of  forests  and  the  drainage  of  Oak  Orclmrd 
and  Tonawanda  swamps  have  tended  to  reduce  materially  the  low- 
water  fiow  until  it  is  probably  less  than  27  cubic  feet  per  second. 
Moreover,  for  the  future,  the  dry-weather  yield  from  this  catch- 
ment area  nmy  be  expected  to  be  somewhat  less  than  in  the  past, 
because  of  the  deepening  of  the  channel  of  Oak  Orchard  creek  and 
of  the  crosscut  authorized  by  the  laws  of  1893.  The  act  provided 
for  deepening  the  channel  of  Oak  Orchard  creek  from  a point  2(/G 
miles  below  wh(‘r(‘  the  Tonawanda  creek  enters  th(‘  Oak  Orchard 
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and  for  tlie  cleaning,  improving,  widening,  and  deepening  of  the 
channel  of  the  east  branch  of  Oak  Orchard  creek.  This  work  has 
been  done  as  a sanitary  measure,  and  its  effect  will  probably  be  to 
run  the  water  out  of  the  swamps  more  rapidly  in  the  spring,  thus 
materially  decreasing  the  dry-weather  flow.^ 

According  to  a statement  furnished  by  Mr  A.  L.  Swet,  Presi- 
dent of  the  P>usiness  ]\[en’s  Association  of  Medina,  the  number  of 
operatives  employed  in  1896  in  manufacturing  enterprises  depen- 
dent on  water  power  at  Medina  was  515;  the  amount  of  capital 
invested  in  establishments  actually  in  operation  was  |371,000, 
while  the  value  of  the  annual  product  of  the  same  establishments 
was  ^575,000.  These  figures  do  not  include  the  Medina  Falls 
flouring  mill,  which  was  idle  at  the  time  these  statements  were 
made. 

The  total  developed  waterpower  at  Medina,  on  the  raceway  and 
on  the  Oak  Orchard  creek,  is  estimated  at  827  horsepower,  which 
includes  tin*  wheels  at  the  ^Medina  Falls  flouring  mill.  Deducting 
these  wheels,  amounting  to  338  horsepower,  the  total  actually  in 
use  in  1896  Avas  489  horsepoAver.  The  use  of  Avater  at  the  establish- 
ments on  the  creek  varies  from  110  cubic  feet  per  second  to  49 
cubic  feet  per  second,  the  former  quantity  being  due  to  the 
Medina  Falls  flouring  mill,  Avhere  the  head  is  33  feet.  Relative  to 
the  flue  poAver  at  jMedina  Falls,  it  may  be  stated  that  it  is  im- 
probable, considering  the  amount  of  power  available  at  this  loca- 
tion, that  it  will  remain  unutilized  for  any  great  length  of  time. 
The  trouble  at  the  Medina  Falls  flouring  mill  is  the  same  as  that 
affecting  the  large  flour  mills  at  Black  Rock  and  other  places  in 
NeAv  York — the  competition  of  cheap  grain  and  transportation 
from  western  mills. 

Without  going  into  the  historical  part  of  the  subject,  it  may  be 
said  that  the  mill  OAvners  at  Medina  claim  that  by  reason  of  the 
granting  of  a right  of  Avay  for  the  cut-off  betAveen  TonaAvanda  and 
Oak  Orchard  creeks,  and  the  gift  of  100,000  acres  of  land  to  the 
canal  fund  by  their  original  grantor,  the  Holland  Land  Com- 
pany— a part  of  the  consideration  for  Avhich  was  an  improA^enient 
of  the  Avater  poAver  of  Oak  Orchard  creek — ^they  have  an  equitable 

^For  extended  account  of  Oak  Orchard  creek  and  its  relations  to  the 
feeder,  see  Report  of  the  Drainage  of  the  Oak  Orchard  and  A^icinity  Streams, 
in  the  Fourth  An.  Kept  of  the  State  Board  of  Health  (1883),  p.  45-116. 
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right  to  the  use  of  the  water  of  the  feeder.  If,  therefore,  the 
effect  of  the  drainage  authorized  by  the  laws  of  1893  has  been  to 
decrease  the  low-water  flow  of  Oak  Orchard  creek,  it  is  main- 
tained that  the  mill  owners  are  entitled  to  enough  water  from  the 
canal  to  make  good  the  deficiency. 

There  are  a number  of  other  points  on  the  Erie  canal  where 
waterpowers  have  been  fostered  under  the  provisions  of  the  laws 
of  1825,  but  lack  of  space  precludes  discussion  of  that  phase  of 
the  subject.^ 

HISTORY  OP  NEW  YORK  WATER  SUPPLY 

The  first  waterworks  of  the  City  of  New  York  were  constructed 
in  1774,  when  the  population  of  the  city  was  22,000.  In  order  to 
pay  the  expenses  of  the  works  the  city  issued  paper  money  amount- 
ing to  £2500,  calling  it  waterworks  money.”  Bonds  were  also 
executed  for  lands  and  materials  to  the  amount  of  £8850  more. 

A reservoir  was  constructed  on  the  east  line  of  Broadway 
between  what  is  now  Pearl  and  White  streets  and  a well  sunk  in 
the  vicinity  of  the  pond  called  the  Collect.  The  Revolutionary  war 
began  in  1775,  and  the  occupation  of  New  York  by  British  troops 
caused  the  abandonment  of  the  work. 

In  1799  the  Manhattan  Coni])any  was  incorporated  to  supply 
the  cit}'  with  pure  and  wholesome  water.  This  company  sank  a 
number  of  wells  within  the  city  limits.  They  constructed  a well 
25  feet  in  diameter  and  30  feet  deep  in  Centre  street,  between 
Reade  and  Duane  streets,  pumping  the  water  to  a tank  on 
Chambers  street,  from  which  it  was  distributed  through  bored 
logs.  In  1823  the  population  was  150,000  and  the  daily  pumpage 
was  691,000  gallons. 

In  1830  the  city  constructed  a well  at  Thirteenth  street,  near 
Broadway,  16  feet  in  diameter  and  112  feet  deep,  97  feet  being 
through  fock.  At  100  feet  below  the  surface  two  lateral  galleries 
were  tunneled  out  from  the  main  well,  each  75  feet  long.  This 
well  furnished  only  10,400  gallons  per  day  of  hard  water.  The 
Manhattan  Company  also  sank  a well  at  Broadway  and  Bleecker 

^Waterpower  on  tlie  Erie  canal  is  treated  at  considerable  length  in  a 
Report  on  the  Water  Supply  of  the  Western  Division  of  the  Erie  Canal. 
An.  Kept  of  State  Engineer  for  189G. 
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street  442  feet  deep,  which  yielded  44,000  gallons  per  day.  In 
1834  the  city  increased  the  depth  of  the  Thirteenth  street  well  100 
feet,  thereby  increasing  the  supply  from  this  source  to  21,000  gal- 
lons per  day.  Nevertheless,  the  supply  from  these  various  sources 
was  so  very  limited  that  considerable  water  was  brought  in  daily 
from  wells  in  the  country,  selling  at  an  average  price  of  |1.25  per 
hogshead;  415  hogsheads  of  water  were  also  daily  imported  from 
wells  in  Brooklyn  to  supply  shipping. 

The  inadequacy  of  the  supply  led  to  examinations  for  the  intro- 
duction of  water  from  other  sources,  and  in  1835  a plan  for  pro- 
curing water  from  the  Croton  river  was  adopted  by  the  Common 
Council  and  later  ratified  by  a popular  vote  of  17,330  in  favor  of, 
to  5963  against.  The  work  of  construction  was  immediately  begun 
and  water  was  introduced  into  the  city  through  the  Croton 
aqueduct  in  June,  1842.  The  population  at  that  time  was  375,000. 
The  aqueduct  then  constructed  is  still  available  for  use,  with  a 
carrying  capacity,  after  sixty-two  years  of  service,  of  90,000,000 
gallons  per  day. 

For  twenty  years  after  the  introduction  of  the  Croton  water  the 
natural  flow  of  the  Croton  river  assisted  by  the  storage  of  Croton 
lake  of  2,000,000,000  gallons  (266,666,000  cubic  feet)  supplied 
the  needs  of  the  city,  although  it  became  evident  at  an  early  date 
that  ultimately  provision  would  have  to  be  made  for  storing 
flood-flows.  In  1857  the  Croton  Aqueduct  Board  caused  a topo- 
graphical survey  of  the  entire  Croton  catchment  area  to  be  made, 
and  the  number  of  sites  for  storage  reservoirs  were  selected  at 
that  time.  The  first  reservoir  constructed  was  at  Boyds  Corners, 
in  Putnam  county,  finished  in  1872.  Since  that  time  five  other 
storage  reservoirs  have  been  built,  and  another  is  now  building. 
The  storage  capacity  of  these  several  reservoirs  is  given  on 
page  380.  The  safe  capacity  of  the  Croton  catchment  area  is  esti- 
mated at  280,000,000  gallons  per  day. 

Pending  the  decisions  relative  to  the  construction  of  the  new 
aqueduct  on  Croton  river,  the  Department  of  Public  Works  intro- 
duced in  1884  a supply  from  the  Bronx  and  Byram  rivers.  This 
supply  is  conveyed  by  a pipe-line  fifteen  miles  long  and  received 
into  a reservoir  at  Williams  Bridge,  in  the  Borough  of  Bronx, 
at  an  elevation  of  190  feet  above  tide.  The  catchment  area  from 
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which  this  supply  is  drawn  may  be  safely  estimated  to  yield  an 
average  of  17,000,000  gallons  per  day. 

In  the  Borough  of  Brooklyn  there  was  no  public  water  supply 
until  after  the  population  had  reached  200,000.  In  1856  a plan 
was  matured  for  procuring  water  from  ponds  and  streams  on 
the  south  side  of  Long  Island  and  a company  formed  to  construct 
the  works,  but  the  city  took  them  in  hand  and  constructed  them, 
and  water  was  introduced  in  1850.  The  original  supply  of  surface 
water  has  been  su])])lemen(ed  by  puiuping  the  ground  water  from 
driven  Avells  along  the  line  of  the  conduit  which  conveys  the 
Avaler  of  the  ])onds  to  the  city. 

The  Flatbnsh  ^Vater  Com])any  furnishes  water  to  the  former 
town  of  Flatbnsh,  as  well  as  to  some  adjacent  property.  The 
l.ong  Island  At'ater  (k)mi>any  has  for  years  supplied  an  area  of 
1224  acres  in  Fast  Xew  York  and  the  Blythebourne  Water  Com- 
j)auy  an  area  of  GGO  aci*es  in  (he  section  near  Fort  Hamilton.  The 
district  still  unsu])j)lied  with  Avater  in  Brooklyn  borough  measures 
about  21,50(1  acres,  or  55  ]ier  cent  of  the  total  area  of  the 
borough. 

The  Borough  of  (]u(*ens  has  only  a fragmentary  sup])ly  obtained 
from  w(‘lls,  which  is  ])umj>ed  directly  into  the  mains.  Works 
suj>jdyiug  2770  arres  are  owned  by  the  city,  and  others  supplying 
5000  acres  ai*e  owned  l)y  j)iiva(e  coi*i)orations.  The  area  of  the 
borough  is  70,347  acres. 

The  Borough  of  Ivichmond,  wiih  an  area  of  36,600  acres,  has 
but  a small  supply  of  Avater  for  3130  acres,  Avhicli  is  derived  from 
wells.i 

Aside  from  gravity  conduits  from  the  Croton  and  Bronx  catch- 
ments, the  Avater  supply  of  Noav  York  is  pumped.  This  condition 
is  made  necessary  not  only  by  the  Ioav  eleA’ation  of  the  sources 
of  the  Brooklyn  Avater  sup])ly,  all  of  Avhich  are  near  sea-level, 
but  further  because  of  the  existence  of  a high  service  area  in  the 
central  and  northern  portions  of  Manhattan  Avhich  contain  a large 
and  increasing  population  and  Avhich  are  aboA’e  the  level  to  Avhich 
Croton  Avater  can  be  distributed  by  gravity.  There  are  also  areas 

FVbstracted  from  report  on  The  History,  Condition  and  Needs  of  the 
NeAV  York  Water  Supply  and  Restriction  of  Waste  of  Water,  made  to  the 
Merchants’  Association,  by  .1.  J.  R.  Croes. 
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in  the  northern  and  Avestern  portions  of  Bronx  borongli  which  are 
above  any  distribution  of  water  by  gravity  from  either  the 
Croton  or  Bronx  supplies.  The  Boroughs  of  Queens  and  Rich- 
mond are  wholly  dependent  upon  water  pumped  from  wells  and 
springs  for  their  public  Avater  supply.  To  a considerable  extent 
the  Borough  of  Brooklyn  and  to  a slight  extent,  the  Borough  of 
Bronx  depend  upon  ground  Avater  from  driA’en  Avells.  Of  the 
total  Avater  supply  of  the  City  of  Greater  Ncav  York,  45  per  cent  is 
delivered  by  thirty -tAAm  municipal  and  nineteen  private  pumping 
plants.  The  total  Avater  supply  of  the  city  may  be  taken  at  the 
present  time  at  372,000,000  gallons  per  day,  of  Avhich  205,000,000 
gallons  are  distributed  by  gravity  and  107,000,000  gallons  dis- 
tributed by  pumping.  The  relative  proportions  of  surface  Avater 
and  ground  Avater  distributed  are  as  folloAvs : 

Gallons 

Surface  Avater 311,000,000 

Ground  Avater 01,000,000 

Total  372,000,000 


The  folloAving  is  a statement  of  the  jiriAaite  companies, 
together  Avith  the  borough  in  Avhich  they  operate : In  Manhattan 

borough,  none.  In  Bronx  borough,  Yoav  York  & Westchester 
Water  Company,  daily  distribution,  1,000,000  gallons;  in  Brook- 
lyn borough.  Long  Island  Water  Supply  Company,  daih"  distribu- 
tion, 4,330,000  gallons;  Flatbush  WaterAA'orks  Company,  daily  dis- 
tribution, 2,155,400  gallons;  Blythebourne  Water  Company,  daily 
distribution,  200,000  gallons,  and  German-American  Improvement 
Company,  daily  distribution,  70,000  gallons;  total  amount  dis- 
tributed in  Brooklyn  borough  by  priA’ate  companies,  0,750,000 
gallons  per  day.  In  Queens  borough.  Citizens’  Water  Company, 
daily  distribution,  4,185,700  gallons;  Jamaica  Water  Supply  Com- 
pauA',  daily  distribution,  1,500,000  gallons;  Woodhaven  Water 
Supply  Company,  daily  distribution,  548,000  gallons;  Montauk 
AVater  Company,  daily  distribution,  1,800,000  gallons;  Queens 
County  AA^ater  Company,  daily  distribution,  1,000,000  gallons; 
total  daily  distribution  in  Queens  borough  by  private  companies, 
9,033,700  gallons.  In  Richmond  borough,  Staten  Island  Water 
Su])ply  Company,  daily  distribution,  3,810,000  gallons;  Crystal 
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Water  Company,  daily  distribution,  1,200,000  gallons;  South 
Shore  Water  Company,  daily  distribution,  100,000  gallons;  total 
daily  distribution  in  Richmond  borough  b}-  private  companies, 
5,110,000  gallons.  The  total  daily  distribution  by  private  com- 
panies for  the  entire  City  of  Greater  New  York  is  roundly 
22,000,000  gallons. 

An  aggregate  of  348,500,000  gallons  of  water  is  delivered  daily 
in  Greater  New  York  by  the  Municipal  Waterworks.  There  is 
distributed  by  gravity  alone  204,500,000  gallons,  and  the  balance 
of  144,000,000  gallons  is  ijumped  for  the  supply  of  the  different 
boroughs  as  follows : 

Gallons 


Manhattan  borough 
Bronx  borough  . . . 
Brooklyn  borough 
Queens  borough  . . 
Richmond  borough^ 


43,952,400 
130,000 
95,907,000 
3,891,300 
• 80,000 


Storage  on  Croton  River 

On  a previous  page  the  discharge  measurements  of  Croton 
river  have  been  given,  together  with  brief  references  to  a consider- 
able storage  on  that  stream.  When  the  new  Croton  dam,  now 
building,  is  comiileted,  practical  utilization  of  a catchment  area 
of  360  square  miles  will  be  made.  In  order  to  accomplish  this 
several  masonry  dams  have  been  constructed,  which  are  not  ex- 
ceeded for  solidity  and  strength  by  those  constructed  anywhere. 
The  new  Croton  dam,  from  its  great  hight,  is  a specially  inter- 
esting example. 

In  1883  an  Aqueduct  Commission  was  authorized,  consisting  of 
the  Mayor,  Comptroller,  and  Commissioner  of  Public  Works,  as 
ex  officio  memibers,  together  with  three  citizens.  This  commis- 
sion was  to  construct  new  works  only,  and  entered  upon  its  duties 
of  constructing  a new  aqueduct  and  storage  reservoirs  at  once.. 

The  construction  of  a neAv  aqueduct  was  begun  in  January, 
1885.  This  aqueduct  was  divided  from  Croton  lake  to  Central 
])ark  into  seventeen  sections,  each  being  awarded  as  a separate 

^The  preceding  statistics  are  of  the  year  1900,  as  collected  by  the  late 
Lebbeus  B.  Ward,  and  given  in  bis  report  on  the  Pumping  Stations  Con- 
nected with  the  Water  Supply  of  New  York,  made  to  the  Merchants^ 
Association. 
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contract.  The  work  was  practically  completed  in  1891,  when  the 
aqueduct  and  its  appurtenances  Avere  turned  over  to  the  Depart- 
ment of  Public  Works  and  put  into  service. 

The  new  aqueduct  consists  of  three  parts,  as  follows : 

1)  A masonry  conduit,  not  under  pressure,  from  the  inlet  gate 
at  Croton  lake  to  a point  near  Jerome  park. 

2)  A masonry  conduit  under  pressure  from  the  previous  point 
to  the  gate-house  at  125th  street  and  Convent  avenue.  This  por- 
tion of  the  aqueduct  forms  a long,  inverted  syphon. 

3)  A pipe-line  from  125th  street  gate-house  to  tlie  gate-house 
at  Central  Park  receiving  reservoir.  Eight  lines  of  48-inch  cast- 
iron  main-  are  laid  from  135th  street  to  125th  street.  Four  lines 
are  continued  to  the  Central  Park  reservoir,  while  the  other  four 
are  connected'  to  the  distribution!  system  at  various  points  in 
the  city. 

In  the  meantime  a number  of  reservoirs,  some  of  which  had 
been  started  by  the  Department  of  Tbiblic  Works,  were  constructed 
by  the  Aqueduct  Commission.  Among  these  are  Ihist  Branch, 
Titicus,  Carmel  and  v\mawaik  reservoirs,  all  on  the  Croton  river. 

Infoi'inaiion  in  regard  to  storage  on  the  Croton  river  is  very  ex- 
tensive, and  the  foregoing  is  a skeleton  merely. 

Brooklyn  Borough  Water  Supply 

Under  date  of  January  24,  189b,  I.  M.  De  Varona,  Engineer  of 
the  water  supply  of  Brooklyn,  transmitted  to  the  Commissioner 
of  Public  Works  an  extensive  report,  including  a detailed  state- 
ment of  the  works  from  Avhich  Brooklyn  derives  its  water  supply. 
The  text  of  this  report  coinprises  the  following  heads:  Intro- 
ductory, Descriptive,  Historical,  Financial,  Law^s,  Biographical, 
Regulations,  Bibliography,  Tables'  and  Plates. 

The  Descriptive  section  includes  an  account  of  the  five  different 
systems  in  use  for  the  supply  of  Brooklyn.  The  most  important 
of  these  is  the  Ridgewood  system,,  originally  intended  to  provide 
for  the  entire  city.  The  four  other  plants  are  the  Long  Island, 
the  Flatbush,  the  New  Utrecht  and  Gravesend  systems.  These 
four  plants  were  originally  installed  to  supply  the  territory  they 
serve  before  it  became  a part  of  Brooklyn.  They  also  derive  their 
supply  from  open  and  driven  Avells,  and  for  convenience  are  re- 
ferred to  first. 
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The  plant  of  the  Long  Island  Water  Company  was  built  in 
1881,  under  a 25-year  franchise,  to  supply  the  town  of  New  Lots, 
which  was  annexed  to  Brooklyn  in  1886. 

The  Flatbush  M'ater  Coin])any  was  built  in  1882  and  incorpo- 
rated for  50  years.  The  works  are  located  near  the  intersection 
of  New  York  avenue  and  Avenue  IL  Thej'  were  intended  to  supply 
the  whole  town  of  Flatbush,  which  is  now  the  twenty-ninth' ward 
of  Brooklyn. 

The  New  Utrecht  Water  ^Vorks  were  formerly  controlled  by  the 
Coney  Island  ^Vater  AA'orks  ('()mj)any,  changed  later  to  the  Kings 
County  Water  Company,  and  still  later  to  the  New  Utrecht  Water 
Company.  The  j)lant  is  located  on  the  corner  of  East  Fourteenth 
street  and  Avenue  Y,  and  was  built  in  1880. 

The  town  of  Gravesend  constructed  a driven-Avell  plant  in  order 
to  juovide  water  for  flushing  sewers  and  for  furnishing  a public 
water  supi>ly  in  1891  and  1892.  The  plant  is  located  on  Seven- 
teenth  street,  between  Avenues  B and  S. 

The  town  of  Gravesend  was  annexed  to  the  city  of  Brooklyn 
in  June,  1895,  and  in  July  the  mayor  appointed  commissioners 
to  a])[)iaise  the  va.lue  of  th(‘  Grav('S(‘ud  Yhiter  A'orks.  This  com- 
mission reported  in  November,  recominending  a payment  of 
1123,000,  although  the  plant,  by  the  testimony,  was  shown  to  be 
worth  not  more  than  $125,000. 

The  West  Brooklyn  Water  Company  was  organized  with  a 
capital  stock  of  $50,000.  It  supplies  th*at  section  of  Brooklyn 
bounded  by  Forty-first  street.  New  Utrecht  and  Hamilton  avenues. 
Fifty-seventh  street  and  Fifteenth  avenue. 

In  1893  the  supply  was  found  to  be  insuflicient,  and  an  8-foot 
circular  brick  well  was  sunk  to  a depth  of  65  feet,  the  water 
rising  in  it  to  a depth  of  five  feet.  It  is  understood  that  this 
plant  is  still  in  use  as  a private  company. 

In  1890  the  Blythebourne  Water  Company  was  incorporated 
to  furnish  water  in  Blythebourne  and  vicinity.  The  original 
plant  was  situated  at  Fifty-sixth  street  and  Thirteenth  avenue, 
the  supply  being  derived  from  two  7-inch  wells,  driven  to  a 
depth  of  60  feet.  Later  a new  plant  was  established  at  Seventy- 
fourth  street,  near  Eleventh  avenue.  This  company  supplies 
Blythebourne,  Bath  Beach  Junction,  Bay  Ridge  Park  and  Lef- 
ferPs  Park.  Several  of  the  foregoing  plants  are  not  now  con- 
sidered a part  of  Brooklyn  borough  water  supply. 


Plate  37 


Driven  wells  on  the  Itrooklyn  Water  Works. 
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The  Ridgewood  system  comprises  tlie  works  originally  built 
to  supply  Brooklyn,  and  their  tributary  catchment  embraces  that 
portion  of  Queens  county  bounded  on  the  north  by  the  ridge 
forming  the  backbone  of  Long  Island;  on  the  east,  approxi- 
mately by  Suffolk  county;  on  the  south  by  the  salt  meadows 
bordering  on  Hempstead  and  Jamaica  bays,,  and  on  the  west 
by  Kings  county.  The  original  catchment  area  is  66  square 
miles,  while  the  new  catchment  is  89  square  miles. 

The  sources  of  supply  on  the  old  catchment,  named  in  order 
from  the  Ridgewood  engine  house  eastward,  are  as  follows: 
Spring  creek  temporary  driven-well  station.  Spring  creek 
driven-well  station,  Baiseley’s  driven-well  station,  Baiseley’s 
pond,  Jameco  driven-well  station,  Springfield  pond.  Forest 
Stream  driven-well  station,  Simonson’s  pond.  Clear  Stream  pond, 
Clear  Stream  driven-well  station.  Watt’s  pond  and  driven- well 
station.  Valley  Stream  pond.  Smith’s  pond.  Pine’s  pond,  Hemp- 
stead pond,  Scliodack  brook  and  Hempstead  storage  reservoir. 

On  the  new  catchment  the  sources  of  supply  from  the  Mill- 
burn  engine  house  eastward  are: 

Millburn  pond,  Agawam  driven- well  station,  East  Meadow 
pond,  Merrick  driven-well  station,  Newbridge  pond,  Wantagh 
pond  and  Massapekua  pond. 

Th(''  supply  from  the  original  catchment  is  collected  by  a brick 
c(>ndiiit,  extending  from  Hempstead  pond  westerly  to  the  old 
Ridgewood  station,  and  having  a grade  of  about  six  inches  to 
the  mile. 

On  the  new  catchment  the  suppl}"  is  collected  and  carried 
by  gravity  to  the  Millburn  station  through  a brick  conduit,  seven 
and  one-quarter  miles  long,  and  having  a grade  of  one  in  ten 
thousand.  The  two  driven-well  stations  on  thi&  catchment  are 
located  south  of  the  conduit  and  discharge  into  it  through  cast- 
iron  pipes.  New  stations  will  be  similarly  connected. 

In  order  to  show  the  possibilities  of  a supply  from  the  sand 
areas  of  Long  Island,  the  following  may  be  considered: 

Water  yield  of  the  Long  Island  sand  areas.  Long  Island  is 
about  120  miles  in  length,  with  a varying  width  of  from  10  to 
20  miles.  Its  watershed  line  consists  of  a ridge  of  low  hills 
running  from  New  York  bay  to  the  eastern  extremity  of  the 
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island.  The  highest  points  of  this  ridge  are  about  350  to  390 
feet  above  sea  level.  This  ridge,  which  is  believed  to  be  a part 
of  the  terminal  moraine  of  the  great  glacier,  consists  mainly 
of  compact  drift  and  bowlders,  running  at  times  into  clay  and 
coarse  gravel.  The  considerable  number  of  small  ponds  along 
the  ridge  evidence  the  compa(“tn(‘ss  of  its  surface  material.  The 
slopes  and  spurs  of  the  central  ridge  run  into  Long  Island 
sound  on  the  north,  making  an  irregular  shore  line,  broken 
into  bays  and  low  headlands.  On  th(‘  soutli  side,  the  slopes 
lose  themselves  in  a grassy  plain  sloping  gently  toward  the 
coast.  In  its  widest  part  it  is  called  the  Hempstead  plains,  and 
stretches  for  a distance  of  from  5 to  1.5  miles  between  the  foot 
of  the  central  ridge  and  the  Atlantic  shore,  which  is  very  regu- 
lar in  its  outer  beach  line;  but  an  inner  and  more  irregular 
beach  exists,  formed  by  the  shallow  waters  of  Jamaica  and 
Hempstead  bays.  The  Atlantic  shore  does  not  anywhere  touch 
the  slope  of  the  central  ridge,  but  is  separated  from  it  by  the 
wide  gravelly  plain. 

In  1000  Prof.  W.  O.  Crosby  reported  in  relation  to  the  geology 
of  Long  Island  and  its  relations  to  ])ublic  water  supjdies,  the 
main  purpose  of  this  study  being  to  determine  what  light  the 
])resent  knowledge  of  the  geologic  structure  of  Long  Island 
throws  upon  these  problems.  The  main  questions  considered 
were : 

1)  Is  it  })ossible  to  obtain  a copious  supply  of  water  from 
deep  wells  on  Long  Island,  200  feet  or  more  in  depth,  passing 
through  the  blue  clay  into  the  gray  gravel  and  the  still  deeper 
water-bearing  strata  of  the  cretaceous?  A supply  of  quality 
suitable  for  domestic  purposes  and  in  quantity  sufficient  for  a 
substantial  addition  to  Brooklyn's  water  supply,  say  10,000,000 
gallons,  25,000,000  gallons,  50,000,000  gallons,  or  more  per  day, 
or  the  equivalent  of  the  yield  of  a catchment  area  of  10,  25,  50 
or  more  square  miles? 

2)  What  certainty  or  j)robability  is  there  that  wells  40  to 
80  feet  deep,  sunk  in  the  yellow  gravel  but  not  penetrating  the 
blue  clay,  in  the  region  east  of  Massapequa,  can  be  made  to 
yield  water  of  suitable  quality  for  domestic  supply  and  in  quan- 
tity equal  to  the  total  average  catch  of  rainfall  on  a catch- 
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ineut  of  the  area  shown  by  the  surface  topography  to  be  tribu- 
taiw  to  the  proposed  point  of  taking? 

3)  Is  there  any  geologic  reason  to  expect  that  the  yield 
of  ground  water  available  per  square  mile  will  be  materially 
different  in  quality  or  in  quantity  from  that  in  the  region  already 
developed  west  of  Massapequa? 

4)  Is  there  any  apparent  advantage  in  one  location  over  an- 
other for  tapping  the  subterranean  waters  of  the  yellow  gravel? 

The  geologic  structure  of  Long  Island  consists  of  the  follow- 
ing formations,  beginning  with  the  lowest:  (1)  the  primitive  or 
crystalline  rocks;  (2)  the  cretaceous  formation;  (3)  the  tertiary 
formation;  and  (4)  the  terminal  moraine  of  the  continental  glacier 
of  northeastern  North  America. 

The  water-bearing  horizons  are  limited  to  j^ellow  gravel  above 
the  blue  clay,  gray  gravel  below  it  and  certain  layers  of  sand  in 
the  cretaceous  formation.  The  yellow  gravel,  which  receives  and 
holds  nearly  the  entire  rainfall  of  the  island,  ranks  first  in  im- 
portance, while  the  gray  gravels  and  cretaceous  gravels  are  second 
in  importance.  The  supply  from  the  gray  and  cretaceous  gravels, 
if  heavily  drawn  upon,  is  likely  to  become  brackish,  and  is  also 
likely  to  become  stale  or  mineralized. 

In  regard  to  deep  wells,  it  is  stated  in  Professor  Crosby’s  report 
that  while  here  and  there  a deep  well  may  tap  a supply  of  good, 
potable  water,  sufficient  for  the  supply  of  a small  village  or 
factory,  the  geologic  formation  gives  no  hope  of  finding  any 
large,  permanent  deep-well  supply  sufficient  in  volume  to  form  a 
substantial  increase  to  the  water  resources  of  Brooklyn  or  add 
materially  to  the  volume  that  can  be  obtained  from  shallow  wells. 

Before  the  real  facts  in  regard  to  tbe  geologic  formation  of 
Long  Island  were  understood  it  was  considered  that  probably  a 
large  volume  of  the  fresh  water  found  its  way  over  to  Long  Island 
from  the  mainland  by  percolating  through  the  deep,  porous  strata, 
but  in  the  light  of  more  extended  information  Professor  Crosby 
considers  that  whatever  yield  of  fresh  water  comes  from  the  deep 
wells  must  have  its  origin  from  rain  falling  upon  Long  Island 
alone — there  is  no  water  coming  to  Long  Island  from  the 
mainland. 
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In  regard  to  Long  Island  water  supplies,  they  may  therefore  be 
considered  in  two  lights:  (1)  There  are  numerous  small  brooks^ 
originating  on  the  south  slopes  of  the  central  ridge,  which  deliver 
their  waters  to  the  Atlantic  ocean;  and  (2)  from  the  shallow 
wells  extending  into  the  3’ellow  gravel,  alread}^  discussed.  As  to 
the  proper  place  for  locating  these  wells.  Professor  Crosby  con- 
siders that  they  should  be  on  a line  along  the  south  shore  far 
enough  back  from  the  sea  to  avoid  the  indraft  of  brackish  sea- 
water. The  inclination  of  the  water-bearing  yellow  gravel,  with 
its  impervious  floor  of  blue  claj^,  is  from  the  north  towards  the 
south.  The  surface  supplies  from  the  brooks  are  none  of  them 
very  large.  On  the  largest  of  them  gristmills  were  established  at 
an  early  date,  with  ponds  of  from  8 to  40  acres  of  water  surface 
and  from  5 to  9 feet  depth  of  water.  These  ponds  were  the 
original  water  supply  of  Prooklyn. 

' The  fall  at  the  dams  rarely  exceeds  8 feet.  The  original  munic- 
ipal water  sui)ply  of  the  city  of  Brooklyn,  as  constructed  about 
1856  to  1859,  had  its  source  in  the  Hempstead  plains,  several  of 
the  large  brooks,  flowing  from  the  central  ridge  to  the  Atlantic 
being  appropriated  for  this  purpose.  A distributing  reservoir  was 
established  on  the  central  ridge  at  an  elevation  of  170  feet  above 
tide,  with  the  water  of  the  brooks  forced  thereto  by  pumping. 
These  brooks  were  all  mainly  fed  by  springs  delivering  directly 
into  their  ponds  and  channels.  The  length  of  these  watercourses 
from  where  the  water  was  taken  to  the  summer  sources  rarely 
exceeds  4 miles.  In  the  original  construction  the  waters  of  these 
ponds  were  conveyed  by  small  branch  conduits  to  a large  main 
conduit  extending  from  the  most  easterly  pond  or  reservoir  to  the 
pump  well  at  the  engine  house,  which  was  located  at  the  foot  of 
the  ridge  on  which  the  Kidgewood  distributing  reservoir  was 
situated,  not  far  from  the  east  line  of  the  city  of  Brooklyn.  The 
main  conduit  was  so  located  that  the  water  flowed  to  the  engine 
house  by  gravity.  The  following  are  the  statistics  of  the  six  ponds 
originally  taken  for  the  Brooklyn  city  supply,  the  minimum 
deliveries  here  given  being  as  ascertained  by  measurements  dur- 
ing the  months  of  September  and  October,  1856  and  1857.  The 
figures  represent  the  natural  delivery  of  each  stream  at  its  lowest 
stage  of  water,  and  do  not  include  any  encroachment  upon  the 
stored  water  which  each  pond  retained,  when  full. 
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Area  of 

Minimum 
flow  (cubic 

Elevation 
of  overflow 

surface 

feet  ill  24 

above  tide 

roiKi 

(acres) 

hours) 

(feet) 

Jamaica 

40.00 

419,315 

7.90 

Brookfield 

8.75 

265,098 

15.40 

Clear  stream 

1.07 

100,448 

11.50 

Valiev  stream  

17.78 

325,291 

12.80 

Kockville 

8.00 

353,388 

12.60 

Hempstead  

32.. 52 

1,054,713 

10.60 

The  same  streams  were  measured  in  October  and  November, 
1851,  and  the  aggregate  result  then  was  3,137,500  cubic  feet.  With 
the  exception  of  Clear  stream,  tliey  were  again  measured  in 
October,  1852,  the  result  then  being  2,606,300  cubic  feet  in  24 
hours. 

According  to  a survey  made  by  Theodore  Weston  in  the  fall 
and  winter  of  1859,  the  catchment  area  of  the  stream, s originally 
taken  for  the  municipal  isupply  of  Brooklyn  was  found  to  measure 
46.8  square  miles,  but  subsequent  measurements  have  placed  it  at 
49.9,  which  is  the  figure  now  used.^ 

The  drainage  grounds  lie  mainly  on  the  Hempstead  plains, 
although  a small  portion  may  be  considered  as  lying  on  the 
southern  slope  of  the  central  ridge.  The  ridge  slopes  are  com- 
posed of  clay  and  alluvial  earth,  with  little  power  of  retaining 
water.  Hempstead  plain,  on  the  other  hand,  consists  of  a very 
uniform  deposit  of  sand  and  gravel  with  occasional  thin  veins 
of  clay ; hence  Hempstead  plain  is  largely  receptive  and  retentive 
of  Avater.  The  sand  and  gravel  on  this  plain  serves  two  purposes 
as  regards  the  rainfall  sinking  into  it:  (1)  It  retains  the  water, 
only  gradually  delivering  it  to  the  surface  in  the  valleys  of  the 
brooks  or  on  or  near  the  seashore  in  the  form  of  springs;  (2)  it 
filters  and  purifies  it,  the  gravel  and  sand  performing  the  func- 
tion of  a natural  filter  bed.  It  is  considered  that  but  a small 
portion  of  the  ground  water  of  this  gravel  plain  has  been  derived 
from  the  rainfall  of  any  single  year.  The  greater  portion  of  it 
is  considered  to  have  collected  during  a series  of  years.  Borings 
and  open  wells  show  that  this  ground  water  has  a nearlj-  uniform 
inclination  toward  the  south  shore  of  about  12  feet  per  mile. 

As  to  the  diflSculty  of  determining  just  what  the  catchment  area  of  any- 
one of  these  streams  actually  is,  see  De  Varona’s  History  and  Description 
of  the  Brooklyn  Water  Works,  1896. 
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Upon  the  low  ridges  lying  between  the  several  streams  cross- 
ing Hempstead  plain  the  inclination  of  the  gronnd  water  varies 
with  the  width  of  the  ridge,  and  is  steeper  in  these  parts  than  on 
the  main  slope  toward  the  sea,  the  resistance  of  the  retaining 
material  there  being  proportionately  less.  So  long  as  the  slope 
of  the  gronnd  ^\  ater  is  left  undisturbed  by  pumping,  as  from  a 
series  of  wells,  the  permanent  slope  of  the  gronnd  water  is  deter- 
mined by  the  resistance  of  the  material  through  which  it  Hoavs. 
As  regards  the  minimum  floAv  of  tlie  streams  receiving  these  under- 
ground Avaters,  the  longer  the  time  occupied  by  that  portion  of. 
llie  rainfall  Avhich  sinks  into  the  ground  in  reaching  the  outlets 
the  greater  Avill  be  the  minimum  floAV  of  the  stream  as  compared 
Avith  its  total  tioAV ; on  the  other  hand,  the  shorter  the  time  the 
smaller  the  minimum  fioAv.  In  the  case  of  Long  Island  streams 
the  maximum  fioAvs  are  not  very  large,  a fact  Avhich  indicates 
that  the  permanent  regimen  of  these  streams  is  probably  main- 
tained by  the  accession  of  the  absorbed  rainfalls  of  se\^eral  years. 
It  folloAvs  that  so  long  as  the  basins  are  not  draAvn  upon  very 
greatly  in  excess  of  their  tioAvage  capacity  the  permanency  of 
Long  Island  ground-Avater  sui)plies  is  only  moderately  affected 
by  variations  in  tlie  yearly  rainfall.^ 

In  his  Kejjort  on  llie  Futni(^  Lxtcmsion  of  tlie  \Vater  Sujijdy  of 
Rrooklyn,  IMr  De  Varona  gives  the  total  monthly  and  aA'crage 
daily  (piantities  of  Avater  pumped  into  the  Ridgewood  reservoir 
for  tlie  yeai-s  1 Stiff  to  ISffti,  iiiclnsiA(‘. 

Tabl(‘  Xo.  S8  has  Ikmui  condensed  from  this  re[)ort,  giving  in 
calendar  years  the  total  rainfall  upon  the  catchment  and  the  per 
cent  of  this  utilized  by  pumping  at  RidgeAVOod.  The  average 
yield  utilized  is  also  expressed  in  cubic  feet  per  second  per  square 
mile  of  catchment.  This  Avas  originally  49.9  square  miles,  but 
Avas  increased  in  1872,  being  in  subsequent  years  52.3  square  miles 
until  1883,  Avhen  it  Avas  increased  to  64.G  square  miles,  and  in 
1885  to  G5.4  square  miles.  Considerable  additions  Avere  made  in 
1891,  and  from  that  time  on  the  area  is  giA^en  as  154.1  square 
miles.  In  1860  the  rainfall  Avas  37.G5  inches,  and  the  total  amount 

^Tlie  foregoing  statements  relating  to  the  Avater-yielding  properties  of  the 
Long  Island  sands  are  mostly  derived  from  Kirk^vood’s  History  of  the 
Brooklyn  AA^ater  AA'orks  and  SeAvers,  published  in  1807.  For  a more  recent, 
as  well  as  more  extended,  discussion  of  the  same  subject  see  De  Ahirona’s 
History  and  Description  of  the  Brooklyn  AAhiterworks. 
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of  water  pnmlj3ed  was  equivalent  to  a deptli  of  1.44  inches  on  the 
catchment,  or  3.82  per  cent  of  the  total  rainfall.  In  1896  the 
total  rainfall  was  38.82  inches.  The  amount  of  water  pumped 
during  that  year  would  cover  the  catchment  to  a depth  of  11 
inches,  this  being  over  28  per  cent  of  the  total  rainfall.  The 
average  yield  as  obtained  by  pumping  was  0.81  cubic  foot  per 
second  per  square  ipile  of  catchment. 


Table  No.  88 — Total  annual  eainfall,  per  cent  utilized,  and  average 

YIELD  PER  SQUARE  MILE  OF  CATCHMENT  OF  BROOKLYN  WATERWORKS 


YEAR 

Itoinfall 

iu 

inches 

Per 

cent 

iitilized 

Cubic 
feet  per 
second 
per 
square 
mile 

Y'EAR 

Rainfall 

in 

inches 

Per 

cent 

utilized 

Cubie 
feet  per 
second 
per 
square 
mile 

(1) 

(2) 

(3) 

(4) 

(1) 

(2) 

(3) 

(4) 

1860  

37.65 

3.82 

0.11 

1879  

39.61 

33.40 

0.97 

1861 

45.65 

3.92 

0.13 

1880  

40.76 

30.23 

1 0.90 

1862  

38.02 

5.73 

0.16 

1881 

39.53 

29.42 

1 0.86 

1863 

32.76 

8.39 

0.20 

1882  

39.83 

30.73 

I 0.90 

1864  

32.00 

10.53 

0.25 

1883  

37.22 

33.05 

1 0.91 

1865  

46.14 

8.39 

0.28 

1884  

45.39 

27.89 

I 0.93 

1866  

51 .68 

H.88 

1 0.34 

1885  

36.85 

37.94 

' 1.03 

1867  

54.61 

9.39 

0.38 

1886  

51.38 

28.32 

1 1.07 

1868  

38.58 

17.29 

0.49 

1887  

45.66 

32.59 

j 1.10 

1869  

43.13 

17.20 

0.55 

1888  

48.45 

33.19 

1.18 

1870  

39 . 25 

1 19.82 

0.57 

1889  

5() . 54 

29.54 

1.23 

1871 

51.26 

15.78 

0.60 

i 1890  

52.15 

33.90 

1.30 

1872  

39.75 

23.47 

0.67 

1891 

39.18 

44  82 

1.29 

1873  

47.99 

20.88 

0.74 

1892  

37.75 

24.53 

0.68 

1874  

45.83 

21.49 

0.73 

1893  

39.62 

26.27 

0.77 

1875  

40.90 

26.89 

0.81 

1894  

36.88 

26.33 

0.72 

1876  

41 . 77 

27.08 

0.83 

1895  

35.64 

28.98 

0.76 

1877  

40.18 

30.29 

0.90 

1896  

38.82 

28.31 

0.81 

1878  

48 . 66 

25.15 

0.90 

I 


Generally  the  Brooklyn  Mkiter  ^Vorks  have  not  been  so  designed 
as  to  furnish  records  of  the  quantity  drawn  from  these  several 
different  sources.  There  are  also  no  records  of  tlie  bights  of  the 
ground  water  at  different  points  in  the  catchment  area.  If  such 
were  to  be  kept  for  a series  of  years,  the  records  of  the  Brooklyn 
Water  Works  would  possess  a value  not  easily  estimated.  They 
would  give  a far  more  positive  indication  of  the  amount  of  water 
that  can  be  drawn  from  such  sandy  areas  than  can  now  be  gained 
from  them.  A few  tests,  however,  of  some  of  the  driven-well 
plants  have  been  made  in  the  last  few  years.  The  Greater  New 
York  Water  Supply  Gommission  of  1903  has  measured  the  hight 
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of  ground  water  in  about  fifteen  hundred  wells  included  in  1000 
square  miles  of.  territory. 

At  a test  of  the  old  driven-well  plant  at  Spring  creek,  made  from 
October  22  to  November  20, 1894,  water  was  pumped  at  an  average 
rate  of  4,091,551  gallons  in  24  hours.  The  elevation  of  the  under- 
side of  the  discharge  valve  of  the  pump  was  12.3  feet  above  datum. 
On  October  22,  at  the  beginning  of  the  tests,  the  average  elevation 
of  the  water  in  the  wells  was  4 feet  below  datum.  The  quantity 
pumped  in  24  hours,  on  October  22,  was  4,488,275  gallons.  On 
November  20,  the  date  of  the  conclusion  of  the  test,  the  elevation 
of  water  in  wells  was  7.7  feet  below  datum,  and  the  quantity 
pumped  on  that  day  in  24  hours  was  4,112,663  gallons.  The  total 
quantity  pumped  during  the  entire  period  from  October  22  to 
November  20  was  122,746,525  gallons.  The  taking  of  this  quantity 
of  water  from  the  wells  resulted,  therefore,  in  lowering  the  ground 
water  a total  of  3.7  feet. 

A new  driven-well  plant  at  Watts  pond  was  subjected  to  a test 
of  capacity  extending  continuously  from  January  3 to  February  2, 
inclusive.  In  1895  a rather  extended  series  of  tests  were  made 
of  a number  of  the  wells  of  the  Brooklyn  water  supply  in  order 
to  determine  the  yield  as  well  as  the  extent  of  the  underground 
supply.  The  following  particulars  of  these  tests  have  been  derived 
from  Mr  Be  Varona’s  report,  as  contained  in  the  annual  report 
of  the  commissioner  of  city  works  for  the  year  1895. 

The  flowing  wells  at  Jameco  were  tested  from  January  3 to  14, 
inclusive.  During  this  period  the  wells  were  operated  singly  and 
in  groups  of  2,  3,  and  4,  in  all  possible  combinations,  and  observa- 
tions were  taken  to  determine  the  elevation  of  the  ground  water. 
Upon  completion  of  the  tests  a series  of  observations  was  taken, 
extending  to  January  30,  to  determine  the  normal  water  level. 
It  was  shown  that  the  average  yield  from  one  well  alone  was 
only  1,000,000  gallons  daily,  decreasing  pro  rata  up  to  a total 
yield  of  3,500,000  gallons  daily  when  four  wells  were  in 
operation.  The  lowering  of  the  ground  water  was  approxi- 
mately 5 feet  when  pumping  1,000,000  gallons,  increasing  up  to 
approximately  10  feet  when  pumping  at  the  full  capacity  developed 
of  3,500,000  gallons.  In  this  connection  it  is  stated  that  the  water 
in  these  test  wells  is  found  to  rise  and  fall  directly  with  the  tide, 
thus  rendering  it  difficult  to  state  with  accuracy  the  full  effect  of 
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the  pumping  on  the  lowering  of  the  water.  To  determine  this 
point  fully,  Mr  De  Varona  states,  would  require  a more  prolonged 
series  of  observations  than  it  was  possible  to  make  in  1895. 

Another  test  was  made  at  Jameco  from  December  9 to  20,  1895, 
inclusive.  Between  this  date  and  the  end  of  the  previous  tests  an 
additional  well  had  been  sunk  at  Jameco  to  the  depth  of  160  feet. 
The  average  daily  yield  shown  during  the  second  test  was,  approxi- 
mately, 1,000,000  gallons  for  a single  well,  with  a proportionate 
increase  for  each  well  connected,  the  yield  for  five  wells  being, 
approximately,  5,000,000  gallons  in  21  hours.  The  lowering  of 
the  water  during  those  tests  amounted  to  slightly  over  14  feet  at 
Jameco  while  pumping  the  5,000,000  gallons  dail}-  from  the  five 
Avells.  The  total  amount  of  water  pumped  during  the  test  was 
61,239,555  gallons.  The  greatest  lowering  of  the  underground 
water  level  occurred  at  test  well  No.  8,  where  it  amounted  to 
15,23  feet.  At  that  time,  when  the  water  at  Jameco  was  at  its 
lowest  level,  the  fall  between  test  well  No.  8 and  test  well  No.  11 
was  9.9  feet.  The  normal  water  level  was  not  restored  until 
twelve  days  after  the  tests  had  ceased. 

The  results  obtained  early  in  1895  from  the  test  made  at  Jameco 
of  supplies  from  deep  wells  seemed  to  warrant  further  investiga- 
tions as  to  the  possibility  of  water  from  deep  wells,  and  the  report 
states  that  they  have  been  carried  on  during  the  year.  A series 
of  test  wells  were  driven,  extending  from  the  foot  of  the  hill  at 
Ridgewood  reservoir  to  Forest  stream  pumping  station,  each  well 
being  carried  to  a depth  sufficient  to  determine  the  possibility  of 
obtaining  a deep  supply  from  that  point.  The  number  of  those 
wells  sunk  during  that  year  was  twelve,  and  the  records  of  the 
strata  passed  through  are  given  in  Bulletin  No.  138,  referred  to 
in  the  footnote.^ 

Returning  to  table  No.  88,  it  may  be  stated  that  the  tributary 
catchment  area  in  1875  was  52.3  square  miles.  The  catchment 
area  remained  at  this  figure  until  January,  1881,  in  which  month, 
by  the  bringing  of  the  Springfield  pumping  station  into  use,  it  was 
increased  to  59.4  square  miles.  In  the  water  year  of  1875,  with 
a total  rainfall  of  41.6  inches,  the  water  utilized  amounted  to 

^For  the  particulars  of  the  geology  of  several  of  the  Brooklyn  Water 
Works  wells,  of  which  tests  were  made  in  1895,  see  Artesian-Well  Prospects 
in  the  Atlantic  Coastal  Plain  Region,  by  N.  H.  Darton;  Bull.  U.  S.  Geol. 
Survey  No.  138,  1896,  p.  23-37 
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10.78  inches,  or  to  an  average  of  513,105  gallons  per  square  mile 
per  day,  or  to  0.79  of  a cubic  foot  per  second  per  square  mile.  In 
the  water  year  of  1880,  with  a total  rainfall  of  40.04  inches,  the 
water  utilized  amounted  to  12.37  inches  on  the  catchment,  or  to 
587,508  gallons  per  square  mile  per  day,  or  to  0.91  of  a cubic  foot 
per  second  per  square  mile.  In  1881,  with  a rainfall  of  41.52 
inches,  the  total  utilization  of  water  amounted  to  11.04  inches  on 
the  catchment,  or  to  554,473  gallons  per  square  mile  per  day,  or 
to  0.80  of  a cubic  foot  per  second  per  square  mile.  This  drop  in 
the  unit  of  utilization  merely  shows  the  effect  of  the  increase  in 
the  area  of  the  catchment. 

The  tributary  catchments  remained  at  59.4  square  miles  until 
August,  1883,  in  whicli  month  the  'Sj)ring  creek  and  Baisley's 
driven-well  stations  were  started.  From  this  date  the  tributary 
catchment  area  is  taken  at  04.0  square  miles.  Spring  creek  and 
Baisley’s  stations  marked  the  beginning  of  the  Brooklyn  driven- 
well  system.  In  the  water  year  of  1884,  with  a total  rainfall 
of  43.44  inches,  the  utilization  was  12.53  inches,  amounting  to 
594,992  gallons  per  square  mile  per  day,  or  to  0.92  of  a cubic 
foot  per  second  per  square  mile. 

In  May,  1885,  the  For(‘st  stream  and  Clear  stream  driven-well 
stations  were  started,  thereby  increasing  the  tributary  catch- 
ment area  to  05.4  square  miles.  In  the  water  year  of  1880,  with 
a total  rainfall  of  50.43  inches,  the  water  utilized  amounted  to 
14.40  inches,  eciuivalent  to  085,521  gallons  per  square  mile  per 
day,  or  to  1.00  cubic  feet  per  second  per  square  mile. 

The  catchment  area  remained  05.4  square  miles  until  June, 
1890,  when  it  was  increased  to  05.0  square  miles  by  the  addition 
of  the  Jameco  park  driven-well  station.  In  the  water  year  1891, 
with  a total  rainfall  of  40.34  inches,  the  water  utilized  amounted 
to  18.48  inches  on  the  catchment,  equivalent  to  879,811  gallons 
per  square  mile  per  day,  or  to  1.35  cubic  feet  per  second  per 
square  mile. 

Large  extensions  of  the  works  w’ere  made  in  1890  and  1891, 
so  that  with  the  beginning  of  pumping  at  Millburn  on  December 
17,  1891,  the  tributary  catchment  area  may  be  considered  as 
increased  from  05.0  to  154.1  square  miles,  an  increase  of  88.5 
square  miles.  In  the  calendar  year  1892,  with  a rainfall  of  37.75 
inches,  the  water  drawn  from  the  original  catchment  of  65.6 
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square  miles  amounted  to  16.81  inches  on  the  catchment,  equiva- 
lent to  800,191  gallons  per  square  mile,  or  to  1.24  cubic  feet  per 
second  per  square  mile.  The  water  drawn  from  the  new  catch- 
ment of  88.5  square  miles  that  year  amounted  to  3.67  inches 
equivalent  to  171,776  gallons  per  square  mile  per  day,  or  to  0.27 
of  a cubic  foot  per  second  j>er  square  mile.  In  1895,  with  a 
total  rainfall  of  35.64  inches,  the  original  catchment  of  65.6 
square  miles  yielded  12.62  indies,  equivalent  to  600,723  gallons 
per  square  mile  per  da};,  or  to  0.93  of  a cubic  foot  per  second 
per  square  mile.  The  new  catchment  of  88.5  square  miles  fur- 
nished in  that  year  8.’64  inches,  equivalent  to  411,558  gallons 
per  square  mile  i>er  day,  or  to  0.64  of  a cubic  foot  per  second 
per  square  mile. 

Summarizing  the  information  in  regard  to  the  water  yield  of 
the  sand  plains  of  Long  Island,  it  may  be  stated  that  the  avail- 
able data  indicate  a large  yield.  The  streams  of  eastern  New 
York  can  not  be  relied  upon  in  their  natural  condition  to  yield 
more  than  about  0.15  to  0.25  of  a cubic  foot  fier  second  per 
square  mile,  while  with  an  ordinary  development  of  storage, 
the  limit  may  be  usually  placed  at  from  0.7  to  0.8  of  a cubic 
foot  per  second  per  square  mile,  or  at  any  rate  at  not  much 
exceeding  one  < iihic  foot  ];er  second  jier  square  mile.  The  sand 
deposits  of  Long  Island  may  therefore  be  considered  as  great 
natural  reservoirs  from  which,  with  proper  development,  large 
water  sui)])lies  may  be  drawn,  the  same  as  from  reservoirs 
artificially  created  on  the  earth’s  surface,  these  natural  under- 
ground reservoirs  possessing  the  advantage  of  furnishing  a 
filtered  water  of  high  purity.  This  fact  was  recognized  by  the 
New  York  Water  Supply  Commission  of  1903,  who  have  recom- 
mended the  further  development  of  this  supply.  This  commis- 
sion made  extensive  observations  as  to  the  hight  of  ground 
water,  etc. 

Recent  Projects  for  Water  Supply  of  Greater  New  York 

The  rapid  growth  of  Greater  New  York  has  compelled  a gen- 
eral extension  of  the  water  supply,  and  a number  of  able  reports 
have  been  made,  which  will  be  briefly  referred  to. 

The  first  of  these  is  in  relation  to  the  Ramapo  Water  Com- 
pany, which  was  organized  in  1887  under  an  act  which  per- 
mitted companies  organized  under  it  to  supply  with  water  any 
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mimicipality  in  tlie  State  of  New  York.  In  1890  the  act  was 
repealed  and  a general  law  enacted  which  surrounded  with  new 
safeguards  contracts  made  with  the  companies  organized  under 
it,  except  that  these  safeguards  did  not  apply  to  the  already 
organized  Ramapo  company.  A few  years  later,  under  chapter 
985  of  the  laws  of  1895,  an  act  to  limit  and  define  the  powers 
of  the  Ramapo  Water  Company,  the  Legislature  considerably 
extended  the  privileges  granted  to  this  company.  This  act 
gives  the  Ramapo  company  power  to  contract  for  supplying  to 
any  municipality,  or  to  any  corporation,  public  or  private.  The 
act  also  gives  to  the  company  powers' of  condemnation,  and 
they  may  select  such  route  as  they  choose. 

At  the  same  time  the  Legislature  considerably  restricted  the 
power  of  Nevr  York  to  acquire  an  additional  supply  of  water, 
as  indicated  by  the  following:  In  1896  the  Suffolk  county  act, 
preventing  Brooklyn  from  using  the  underground  waters  of 
Suffolk  county,  was  passed.  This  act  was  continued  in  force 
by  the  New  York  charier,  which  went  into  effect  January  1, 
1898.  A clause  was  also  inserted  in  the  Greater  New  York 
charter  preventing  the  city  from  taking  water  from  a supply 
devoted  in  whole  or  in  part  to  the  supply  of  any  other  muni- 
cipality. In  1898-99  the  Ramapo  company  pnopo'sed  to  supply 
New  York  with  200,000,000  gallons  of  water  daily,  for  which 
the  City  of  New  York  was  to  pay  |70  per  million  gallons.  The 
delivery  of  water  was  to  begin  in  1902. 

Very  earnest  discussion  occurred  in  New  York  when  the 
Ramapo  proposition  was  understood.  An  extensive  report  was 
made  by  the  Merchants’  Association  and  also  by  John  R.  Free- 
man to  the  Comptroller,  showing  that  water  could  be  furnished 
for  very  much  less  than  the  price  proposed  to  be  paid  to  the 
Ramapo  company.  An  appeal  was  made  to  the  Legislature  and 
the  legislation  was  modified,  allowing  the  city  to  construct  its  own 
works. 

There  are  a number  of  available  sources  from  which  Greater 
New  York  may  be  supplied  without  any  great  engineering  diffi- 
culties. These  sources  may  be  enumerated  as : 

1)  On  the  east  side  of  the  Hudson  river,  where  there  are  the 
following:  the  Housatonic  and  Ten  Mile  rivers,  which  are,  how- 
ever, interstate  streams;  Fishkill  creek,  Wappingers  creek  and 
the  Roeliff  Jansen  kill. 
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On  the  west  side  of  the  Hudson  river  there  are: 

2)  Wallkill  rivei%  which  is  also  an  inteTstate  stream. 

3)  The  catchment  of  the  Catskill  mountains,  including 
J^sopus,  Catskill,  Schoharie  and  Rondout  creeks. 

4)  Hudson  river  itself,  either  at  a point  near  Poughkeepsie 
or  by  an  aqueduct  from  the  upper  catchment  area. 

The  Housatonic  river,  Ten  Mile  river  and  Wallkill  river  catch- 
ment areas  are,  however,  eliminated  from  consideration  by  reason 
of  certain  legal  difficulties  due  to  the  first  two  streams  being 
partly  in  New  York  and  partly  in  Connecticut  and  the  Wallkill 
being  partly  in  Yew  York  and  partly  in  Yew  Jersey.  There 
seems  to  be  no  doubt  that  a lower  riparian  owner  in  either  Con- 
necticut or  Yew  Jersey  could  by  an  injunction  })revent  the  use 
of  either  of  these  catchment  areas  to  supply  the  City  of  Yew  York, 
and  even  though  Connecticut  and  Ycav  Jersey  should,  by  their 
legislatures,  grant  either  to  the  City  of  Yew  York  or  to  a corpora- 
tion acting  under  its  authority  the  right  of  condemnation,  such 
acts  would  be  unconstitutional.  Moreover,  it  is  doubtful  in  the 
case  of  Yew  Jersey  whether  that  State  would  even  attempt  to 
assist  tlie  City  of  Yew  York,  because  recent  legislation  in  Yew 
Jersey  has  indicated  a policy  to  preserve  for  its  own  citizens  the 
waters  coming  from  the  catchments  in  the  northern  part  of  tlie 
State. 

It  is  also  considered  that  legal  complications  would  arise  even 
if  a private  corporation  should  attempt  to  furnish  water  from 
Yew  Jersey.  As  regards  the  use  of  the  M'allkill  river  as  a water 
supply  for  the  City  of  Yew  York,  such  use  involves  the  building 
of  a reservoir,  the  surface  of  which  would  be  422  feet  above  sea 
level.  The  Wallkill  river,  at  the  location  of  the  j)roposed  reser- 
voir, is  about  380  feet  above  tidewater.  The  dam  would  flood  an 
area  of  GO  square  miles,  of  which  one-fifth  is  in  Yew  Jersey.  If 
Yew  York  can  purchase  the  lands  in  Yew  Jersey,  it  can  of  course 
Hood  them  for  the  purpose  of  a reservoir  intended  to  supply  Yew 
York,  but  there  is  no  way  by  which  Yew  Y^ork  city  can  acquire 
title  to  these  lands  by  condemnation.  Subject,  therefore,  to  this 
difficulty  of  ])urchase,  there  is  no  objection  to  the  Wallkill  river 
as  a su])]dy  for  Yoav  York.^ 

^Abstracted  from  Report  of  Committee  on  Legislation,  in  Report  of 
Merchants’  Association  of  New  York. 
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lu  the  Merdiaiits'  Association  report  it  is  stated  that  an 
additional  water  supply  for  New  York  city,  adequate  until  its 
population  shall  increase  1o  18,000,000,  can  be  obtained  from 
the  Hudson  river  above  lV)iighkeepsie,  at  wliicli  })oin(  it  is  pro- 
posed to  build  j)iiinpin<>  staiions  and  lilter  beds  on  Uie  east  side  ot 
the  river,  together  with  an  a(p[cduct  lo  tlie  nortliern  limils  of  tlie 
city,  where  a reservoir  would  he  constructed.  This  ])lant  slionid 
be  capable  of  snp})lying  lir)0,000,000  gallons  daily,  although  it  is 
not  proposed  to  build  a i)lant  capable  of  delivering  at  first  more 
than  100,000,000  gallons  daily. 

In  order  to  prevent  the  water  above  Poughkeepsie  from  becom- 
ing brackish,  by  reason  of  taking  so  large  an  amount  of  water 
from  the  river  at  this  point,  it  is  proposed  to  build  in  the  Adiron- 
dacks  a number  of  the  reservoirs  discussed  on  a preceding  page, 
in  which  may  be  stored  llood-llows  during  the  spring  months. 
This  water  is  to  be  delivered  into  the  river  during  the  dry  season, 
thus  keeping  the  How  uniform  throughout  the  year. 

As  incidental  benefits,  the  navigation  of  the  Hudson  from  Troy 
down  will  be  considerably  improved,  together  with  a prevention 
of  Hoods  at  Albany  and  places  in  the  vicinity,  as  well  as  pro- 
vision for  a uniform  flow  for  mill  owners  at  various  points 
higher  up. 

It  is  also  suggested  that  water  be  taken  from  the  Hudson  at 
Hadley,  as  indicated  in  the  discussion  of  the  Schroen  valley 
reservoir. 

The  annual  cost  of  taking  water  at  Poughkeepsie,  inicluding 
operation'  and  maintenance,  will  be  |28.33  per  million  gallons 
for  250,000,000  gallons  daily.  The  annual  cost  for  the  same 
amount  from  the  Adirondacks,  including  interest,  operation  and 
maintenance,  will  be  |30  per  million  gallons,  while  to  furnish 
500,000,000  gallons  from  the  Adirondacks,  the  yearly  cost  after 
construction  will  become  |29.25  per  million  gallons. 

The  Committee  on  Water  Supply  of  the  Merchants'  Association', 
however,  considered  that  there  are  certain  advantages  in  the 
Poughkeepsie  plan  over  either  the  Catskill  or  Adirondack  in 
that: 

1)  The  ultimate  first  cost  of  the  Poughkeepsie  plan  would 
be  less. 
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2)  A larger  projjortion  of  the  ultimate  first  cost  may  be  de- 
ferred by  the  Poughkeepsie  plan  than  by  either  the  Catskill  or 
Adirondack  plan. 

3)  The  time  necessary  for  construction  is  also  less.  Water 
from  the  Hudson  at  Poughkeepsie  can  be  delivered  in  six  years; 
from  the  Catskills,  in  seven  years,  and  from  the  Adirondacks, 
in  seven  and  one-half  years. 

4)  The  Adirondacks  and  the  Hudson  together  would  furnish 
1,500,000,000  gallons  per  daj-,  while  the  Catskill  catchment  can 
not  furnish  more  than  260,000,000  gallons,  or,  with  Schoharie 
creek,  460,000,000  gallons  per  day. 

5)  The  length  of  the  aqueduct  would  be  less  from  Pough- 
keepsie than  from  either  the  Adirondacks  or  the  Catskills. 
From  Poughkeepsie  a high  level  aqueduct  would  be  60  miles  in 
length;  from  the  Adirondacks,  203  miles,  and  from  the  Catskills, 
100  miles. 

The  lesser  length  of  the  Poughkeepsie  aqueduct  is  not  only 
an  impoidant  element  in  construction,  but  is  quite  as  important 
in  maintenance  and  protection. 

Water  taken  at  Poughkeepsie  would  require  filtration,  and 
in  the  modern  view  it  would  also  require  filtration  from  the 
Adirondackis,  although  it  may  be  very  appropriately  questioned 
whether  a water  supply  from  a seriously  sewage-polluted  stream 
is  desirable  so  long  as  unpolluted  sources  are  available  without 
increasing  the  cost  per  unit.^ 

Reservoir  on  Wallkill  river.  Among  other  interesting  reser- 
voirs which  have  been  recently  proposed  for  the  supply  of  Greater 
New  York,  that  on  the  Wallkill  river  may  be  described  in  detail. 
This  reservoir  was  reported  upon  by  James  H.  Puertes,  whose 
report  appears  in  the  Report  of  the  Merchants’  Association  of 
New  York,  made  in  1900. 

Wallkill  river  rises  in  northern  New  Jersey^  a few  miles  south 
of  Sparta.  It  fiows  in  a northeasterly  direction,  entering  the 
State  of  New  York  about  half  way  between  Liberty  Corner  and 
Unionville.  It  then  flows  through  Orange  and  Ulster  counties, 
joining  Rondout  creek,  which  empties  into  the  Hudson  river  at 
Kingston. 

^Report  of  Committee  on  Water  Supply  of  Merchants’  Association  of  New 
York. 
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Just  before  entering  New  York  State  the  stream  enters  a broad^ 
flat  valley,  extending  to  Pliillipsburg,  and  varying  from  one  to 
five  miles  in  width.  The  floor  of  this  valley-  is  flat,  both  longi- 
tudinally and  transversely,  with  its  slope  in  the  direction  of  the 
river  so  slight  that  the  valley  is  usually  flooded  during  the  spring, 
although  later  in  the  season  the  water  drains  from  the  flats 
through  the  river  channel,  as  well  as  through  several  artificial 
drainage  ditches. 

The  valley  consists  of  high  hills  with  steep  sides.  The  hills 
on  the  west  are  slaty,  slightly  covered  with  soil,  while  the  hills 
on  the  east  are  of  granite,  marble  and  limestone.  The  bottom  of 
the  valley  is  underlaid  with  calciferous  sandstone,  generally 
covered  with  a few  feet  of  black  soil  on  top  of  the  detritus  Avith 
which  the  vailley  is  filled.  Tlie  geologic  structure  indicates  that 
there  is  very  little  underground  flow  above  Phillipsburg,  although 
^[r  Freeman  in  his  report  to  the  Comptroller,  also  made  in  1900^ 
expresses  a different  opinion.  In  his  view  there  is  a good  deal 
of  doubt  whether  the  Wallkill  reservoir  can  be  made  safe,  because 
of  the  large  leakage  from  the  sides.  The  writer  does  not  share 
Mr  Freeman’s  apprehensions,  although  in  the  absence  of 
thorough  examinations  the  question  is  ah  open  one.  About  25 
per  cent  of  the  valley  is  wooded. 

The  Avater  of  the  reservoir  on  the  Wallkill  Avould  be  as  soft  and 
colorless  as  the  Croton  water.  This  conclusion  is  based  on  experi- 
ments and  analyses  and  on  a study  of  the  ground  and  surface  floAv 
of  the  streams. 

It  is  proposed  to  erect  a dam  at  Phillipsburg  which  will  im- 
pound the  Avaters  of  the  riA^er  and  flood  the  valley  from  twenty  to 
thirty  feet  in  depth.  The  general  elevation  is  about  390  feet  above 
sea  level.  If  the  Avater  leA^el  be  raised  to  410,  sufficient  storage  Avill 
be  provided  for  a daily  draft  of  250,000,000  gallons  by  drawing  the 
AA^ater  in  the  reservoir  down  5 feet.  The  area  of  the  catchment 
aboA’e  Phillipsburg  is  465  square  miles.  The  area  submerged  at 
elevation  405  is  49  square  miles,  and  at  elevation  410  it  is  51 
square  miles.  Hence,  only  about  5 per  cent  of  the  area  would  be 
exposed  on  drawing  the  reservoir,  enough  to  give  a yield  of  250,- 
000,000  gallons  dailj^  The  amount  of  water  impounded  Avould  be 
approximately  200,000,j000,000  gallons  (26,700,000,000  cubic  feet) 
of  Avhich  53,000,000,000  gallons  (7:,100,000,000  cubic  feet)  would 
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be  available,  equivalent  to  a daily  yield  of  over  000,000  gallons  of 
water  per  square  mile  of  land  surface,  or  254,000,000  gallons  per 
day.  The  writer,  however,  considers  this  allowance  larger  than 
is  likely  to  be  realized  in  the  region — probably  500,000  gallons 
per  square  mile  per  day  would  be  a safer  figure. 

There  are  two  serious  objections  to  a water  supply  reservoir 
at  this  point.  The  first  is  the  shallowness  of  the  reservoir, 
which  will  certainly  lead  to  extensive  growths  of  algae  around 
the  edges,  and  the  second  is  the  objectionable  bottom.  The 
second  objection  can  be  overcome  by  covering  the  bottom  with 
gravel  which,  however,  would  add  very  greatly  to  the  expense.^ 

The  submerged  land  is  sparsely  populated,  and  with  the  excep- 
tion of  Florida,  Hamburg  and  Deckertown,  there  are  no  villages 
of  any  importance  near  the  valley.  The  sewage  of  Goshen  and 
Middletown,  however,  enter  streams  flowing  into  the  Wallkill 
above  the  point  where  the  dam  would  be  located  and  would  have 
to  be  taken  below  the  dam  by  sewers.  The  sewage  of  Florida, 
Hamburg  and  Deckertown  would  require  purification  before  dis- 
charging into  streams  tributary  to  the  reservoir.  A few  other 
small  hamlets  of  from  three  to  a dozen  houses  could  be  taken 
care  of  by  purchase. 

It  is  proposed  to  filter  the  water  from  this  reservoir.  The  esti- 
mates provide  for  the  purchasing  of  70  square  miles  of  area,  which 
includes  a strip  around  the  edge  wide  enough  to  afford  protection 
from  contamination.  About  20  per  cent  of  the  land  which  it  is 
proposed  to  submerge  is  either  now  or  has  been  under  cultivation. 
The  balance  is  covered  with  water  and  rank  growths  of  coarse 
grass,  reeds  and  underbrush. 

The  surrounding  hills  are  dotted  with  dairy  farms,  and  the 
Lehigh  and  New  England  railway  and  the  Pine  Island  branch  of 
the  Erie  railroad  collect  the  milk,  conveying  it  to  market.  These 
railroads  would  be  relocated  along  the  edges  of  the  reservoir,  with 
crossings,  embankments  and  bridges  as  required.  It  would  also 
be  necessary  to  build  crossroads  over  the  lake,  with  bridges  and 
roads  along  the  margins.  The  expense  has  been  included  in  the 
estimates. 

^In  reference  to  growths  of  algae,  see  paper  On  the  Fresh  Water  Algae 
and  their  Relation  to  the  Purity  of  Public  Water  Supplies.  Trans.  Am. 
Soc.  C.  E..  V^ol.  XXI  (1880). 
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There  are  several  dams  below  Phillipsburg  at  which  power 
is  used  for  operating  mills  and  factories,  although  the  total 
power  does  not  much  exceed  1000  horsepower.  In  some  in- 
stances the  plants  have  a capacity  in  excess  of  that  needed  for 
the  minimum  How  of  the  stream.  The  principal  developed 
power  is  at  Walden.  The  population  here  is  from  2500  to  3000 
people,  and  its  prosperity  depends  upon  the  Avaterpower  Avhich 
has  been  developed  b}^  two  dams,  amounting  to  500  horsepower 
at  minimum  low  water  flow.  To  cripple  this  power  would  seri- 
ously affect  the  community  depending  upon  it.  In  the  estimates 
therefore  very  liberal  figures  have  been  used,  which  are  con- 
sidered sufficiently  high  to  coA^er  any  method  of  compensation 
which  might  be  adopted. 

increasing  the  hight  of  the  dam  at  Phillipsburg  to  422 
feet  above  sea  level,  the  flooded  area  would  become  58  square 
miles  and  the  available  storage  capacity  of  the  reservoir,  when 
draAvn  down  to  elevation  402,  would  be  219,000,000,000  gallons 
(29,300,000,000  cubic  feet).  With  such  a storage  a minimum 
yield  would  be  417,000,000  gallons  daily.  The  total  amount  of 
water  impounded  with  full  reservoir  would  be  387.000,000,000 
gallons  (51,700,000,000  cubic  feet).  It  is  stated  in  the  report 
that  this  reservoir  would  be  the  largest  artificial  lake  in  the 
world,  but  a comparison  Avith  Black  river  reservoir  will  show 
that  the  latter  is  somewhat  larger.  Neither,,  however,  is  yet 
built,  and  New  York  State  can  only  claim,  by  reason  of  its 
exceptionally  faAmrable  topography,  to  be  the  site  of  two  of 
the  largest  reservoirs  thus  far  proposed  anywhere. 

Some  of  the  legal  objections  to  the  Wallkill  riA^'er  reservoir 
have  already  been  discussed. 

The  estimated  cost  of  construction  of  the  Wallkill  reservoir 
for  a supply  of  250,000,000  gallons  daily,  the  water  to  be  filtered 
and  delivered  into  a new  covered  reservoir  at  New  York  310 
feet  above  sea  level,  is  |42,421,000.  The  annual  cost  for  opera- 
tion and  maintenance  is  figured  at  |1,819,770,  or  at  a cost  per 
million  gallons  for  the  water  filtered  and  delivered  into  a reser- 
voir at  New  York  of  |19.64.  In  these  estimates  labor  is  taken 
at  $2  per  day. 

For  460,000,000  gallons  daily  from  the  Wallkill  rh^er  the  esti- 
mate of  cost  on  the  basis  of  ^|2  per  day  for  labor  is  180,864,000, 
with  an  annual  cost  for  operation  and  maintenance  of  13,328,078, 
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or  at  the  rate  of  |19.82  per  million  gallons  filtered  and  delivered 
into  covered  reservoir  at  New  York,  310  feet  above  sea  level. 

The  Wallkill  river  was  also  reported  upon  by  Mr  Freeman. 
In  his  report  he  states  that  these  Drowned  Lands  appear  to 
be  the  only  adequate  reservoir  site  on  the  Wallkill — that  they 
were  once  the  bottom  of  an  ancient  lake  and  are  described  by 
Dr  Heinrich  Kies,  in  his  Keport  on  the  Geology  of  Orange 
County,  as  follows: 

These  swamps  occur  not  only  in  the  limestone  region,  but 
also  in  many  parts  of  the  slate  area  and  form  perhaps  the  most 
important  agricultural  feature  of  the  county.  The  rich  black  soil 
of  the  swampy  tracts  is  enormously  productive,  and  some  of  it  is 
worth  |300  an  acre.  The  soil  is  generally  planted  with  onions, 
and  700  bushels  per  acre  is  not  an  uncommon  yield.  Potatoes  or 
corn  are  generally  planted  in  alternative  years  to  relieve  the  soil. 
There  are  about  40,000  acres  of  swamp  land  in  Orange  county. 
The  largest  of  these  areas  is  the  Drowned  Lands  in  Warwick, 
Greenville,  Minnisink,  Wawayanda  and  Goshen  townships,  and 
covers  17,000  acres.  Until  about  sixty  years  ago  the  area  was  cov- 
ered by  several  feet  of  water  held  in  by  a dam  of  glacial  drift 
at  the  north  end.  A canal  cut  through  this  dam  has  redeemed 
the  land.  From  the  drowned  lands  there  arise  islands  of  lime- 
stone or  drift,  which  are  named  Pine,  Great,  Pellets,  Gardner’s, 
Merritts,  Cranberr}^,  Black  Walnut,  Fox  and  Seward’s  islands. 
* * Black  soil  underlies  the  surface  to  a depth  of  from  five 
to  fifty  feet,  and  this,  according  to  Mather,  is  in  turn  underlaid 
by  marl.  The  Wallkill  river  follows  a winding  course  along  the 
western  side  of  this  area,  and  submerges  it  entirely  during  the 
spring  floods.^ 


Mr  Freeman  states  that  the  population  of  the  catchment  area 
is  almost  exclusively  a farming  one,  with  about  thirty  villages, 
ranging  in  population  from  100  to  300,  by  the  census  of  1900, 
together  with  many  more  centers  of  population  with  less  than 
100.  The  cities  and  towns  which  had  more  than  500  inhabi- 
tants in  1900,  are  as  follows: 


Middletown  14,522 

Goshen  2,806 

Warwick  1 735 

Florida GOO 


. ^Report  on  Geology  of  Orange  Conntj^  1895,  by  Dr.  Heinrich  Ries,  Asst. 
Geologist. 


702 


NEW  YORK  STATE  MUSEUM 


The  folloAvinjj,'  figures  for  toAvns  in  New  Jersey  are  as  given  by 


Mr  Freeman : 

Name  of  town  Population 

Franklin  Furnace 013 

Deckertown <)03 

Hamburg  ,'')10 

Ogdensbnrg  505 

Sparta  501 


Tlie  outside  population  on  farms  is  estimated  at  about  twenty 
to  the  square  mile. 

iNTr  Freeman  made  some  observations  as  to  the  quality  of 
reservoir  bottom.  Samples  of  soils  were  collected  in  clean  glass 
jars  and  sent  to  the  analyst  of  the  Metropolitan  Water  Board 
for  examination  by  the  ignition  method.  A sample  from  one 
foot  depth  showed  09  per  cent  organic  matter;  from  J feet  down, 
85  per  cent,  and  from  5 feet  doAvn,  80  per  cent.  Another  sample 
from  G inches  in  depth  showed  49  per  cent  organic  matter,  with 
little  or  no  iron  jiresent.  Several  other  samples  from  G inches 
to  oYo  feet  down  showed  from  78  per  cent  to  90  per  cent  organic 
matter.  These  observations  show  at  once  the  necessity,  in  case 
a reservoir  for  Avater  supply  j)uri)oses  should  be  constructed  at 
this  point,  for  covering  the  bottom  with  gravel,  as  already 
suggested. 

Beservoirs  on  Esojyiis,  CatsMll  and  Schohario  creeks.  Reser- 
voirs were  considered  by  Mr  Fuertes  on  Esopus,  Catskill  and 
Schoharie  creeks.  The  loAvest  elevations  considered  in  seeking 
reservoirs  on  these  streams  were  for  Catskill  and  Esopus  creeks, 
500  feet  and  on  Schoharie  creek,  1100  feet  above  sea  level.  These 
elevations  were  decided  upon  because  lower  elevations  Avill  not 
economically  permiit  of  the  delivery  of  water  at  New  York  300 
feet  above  sea  level. 

Catskill  and  Esopus  creeks  floAV  in  a southeasterly  direction, 
nearly  parallel  and  about  twenty-fiA^e  miles  apart.  Catskill  creek 
is  on  the  northern  side  of  the  Catskill  mountains  and  Esopus 
creek  on  the  south  side.  Both  streams  empty  into  the  Hudson 
river — Catskill  creek  at  the  village  of  Catskill  and  Esopus  creek 
at  Saugerties.  Schoharie  creek  lies  between  Catskill  and 
Esopus  creeks  and  IIoaa^s  in  the  opposite  direction,  bending 
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towards  the  north  after  leaving  the  mountains^  and  emptying 
into  the  Mohawk  river  near  Amsterdam.  The  sources  of  Scho- 
harie creek  are  over  2000  feet  above  sea  level  and  not  more 
than  ten  miles  from  the  Hudson  river. 

The  waters  of  Catskill  and  Esopus  creeks  can  be  delivered  to 
New  York  through  conduit  lines  from  the  reservoirs,  but  the 
waters  of  Schoharie  creek  can  only  be  brought  to  the  city  by  the 
construction  of  a tunnel  from  the  lowest  reservoir  on  the  Scho- 
harie to  the  nearest  point  in  the  Esopus  valley. 

Topographically,  Catskill  and  Esopus  creeks  are  similar  in 
general  characteristics.  The  tributary  streams  have  steep  slopes, 
offering  no  sites  for  storage  reservoirs.  The  inaiu  streams,  on 
the  contrary,  are  flatter  and  afford  opportunities  for  construct- 
ing dams. 

The  conditions  on  Schoharie  creek  are  different.  At  its  head- 
waters there  are  three  tributaries,  Batavia  kill.  West  kill  and 
East  kill,  on  all  of  which  considerable  storage  may  be  secured. 
As  stated  in  the  discussion  on  the  flow  of  streams,  all  of  these 
are  more  or  less  flashy,  rising  quickly  with  heavy  rains,  with 
high  flood-flows,  and  subsiding  rapidly  after  rainfalls,  Avith  very 
low  minimum  flows. 

The  lowest  dam  site  on  Esopus  creek  is  a short  distance  above 
the  falls  at  the  village  of  Olive.  The  creek  here  floAVS  through  a 
narroAv  gorge,  att'ording  an  oi^portunity  for  the  construction  of 
a masonry  dam,  dO  feet  high  and  600  feet  long.  The  area  of  the 
catchment  above  this  dam  is  245  square  miles.  The  proposed 
reservoirs  on  hlsopus  creek  have  an  available  storage  capacity 
of  about  27,000,000,000  gallons  (3,600,000,000  cubic  feet),  and 
are  estimated  to  yield  in  minimum!  years  about  150,000,000  gallons 
daily.  This  corresponds  to  an  aA^erage  yield  of  625,000  gallons 
of  Avater  per  square  mile  per  day.  The  Avriter,  hoAvever,  considers 
the  same  as  in  the  case  of  the  Wallkill  river,  that  this  estimate 
is  too  large,  and  on  Esopus  creek  it  certainly  should  not  be 
taken  to  exceed  about  500,000  gallons  per  square  mile  per  day. 

The  proposed  dams  on  Esopus  creek  are:  At  Olive;  Cold  Brook 
station;  Lake  Hill;  one  mile  aboA^e  Mount  Bleasant  station;  one- 
half  mile  aboA’e  Phoenicia;  one  and  one-half  miles  aboA^e  Iflioe- 
nicia ; one  mile  aboA^e  Shandaken;  and  one-half  mile  beloAV  Big 
Indian,  d’hese  dams  Avould  all  be  of  earth,  Avith  spillAvays  cut  in 
the  rock  sides  of  the  valley. 
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The  Ulster  & Delaware  railroad  passes  through  the  Esopus 
valley  from  oiie-half  mile  above  the  Olive  dam  to  above  Big  In- 
dian reservoir  site.  The  building  of  these  reservoirs  would  require 
relocation  of  this  railroad  for  its  entire  length.  The  construction 
of  the  reservoirs  would  also  require  the  relocation  of  five  villages 
in  the  valley.  There  are  also  twelve  villages  which  are  not  inter- 
fered with,  but  as  they  lie  above  the  various  reservoirs,  the  cost 
of  providing  them  with  sewerage  and  sewage  purification  works  is 
included  in  the  estimates.  There  are  a few  water  powers  on  the 
main  stream  at  Olive,  Boiceville,  Allaben  and  Big  Indian.  None 
of  these  powers  is  very  important,  but  the  estimates  have  been 
made  ample  to  cover  the  cost. 

Table  No.  89  gives  the  particular  of  the  storage  reservoirs  on 
Esopus  creek. 


Table  No.  89 — Proposed  storage  reservoirs  on  Esopus  creek 


Name  of  Reservoir 

Area  of  catchment 
in  square  miles 

Approximate  ele- 
vation of  high 
water  in  feet 
above  sea  level 

Approximate  ele- 
vation of  low 
water  in  feet 
above  sea  level 

Hight  of  dam  in 
feet 

Area  of  reservoir 
full,  in  square 
miles 

Total  yield  in  gal- 
lons per  day 

Estimated  cost  per 
1,000,000  gallons 
capacity 

(1) 

(3) 

1 (8) 

(4) 

(5) 

(6) 

i (D 

(8) 

Olive 

49.0 

510 

485 

60 

■0.78 

20, 000, 000 

$240 

Cold  Brook 

31.0 

690 

655 

85 

1.03 

22, 100, 000 

255 

Lake  Hill 

18.6 

1,080 

1,055 

70 

0.72 

12, 700, 000 

235 

Mt.  Pleasant 

34.9 

790 

'755 

80 

0.89 

23, 500, 000 

245 

Lower  Phoenicia 

22.3 

910 

885 

90 

0.25 

8, 300, 000 

460 

Upper  Phoenicia 

40.8 

985 

940 

95 

1.01 

29, 400,  GOO- 

250 

Shandaken 

1,180 

1,150 

80 

0.37 

27,  900, 000 

360 

Big  Indian 

48.9 

1,240 

1,210 

‘70 

0.51 

295 

Total 

245.5 

1 



5.56 

143, 900, 000 

The  main  valley  of  Catskill  creek  is  narrower  than  that  of 
Esopus  creek,  affording  favorable  opportunity  for  reservoir  sites. 
The  lowest  dam  has  been  located  near  the  village  of  East  Durham. 
The  area  of  the  catchment  above  this  dam  is  about  192  square 
miles.  It  is  proposed  to  construct  reservoirs  on  Catskill  creek 
at  the  following  points : East  Durham ; two  miles  above  East 

Durham;  half  a mile  below  Oak  Hill;  just  above  the  village  of 
Preston  Hollow,  and  on  Basic  creek,  near  Greenville.  These  reser- 
voirs will  provide  an  available  storage  capacity  of  nearly  19,000,- 
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000,000  gallons  (2,600,000,000  cubic  feet).  As  in  the  case  of 
Esopus,  creek,  the  safe  yield  is  estimated  by  the  writer  at  500,000 
gallons  per  square  mile  per  day. 

The  East  Durham  dam  would  be  of  masonry,  with  a spillway 
over  its  crest — the  balance  of  the  dams  on  Catskill  creek  would 
be  of  earth,  with  masonry  cores,  with  spillways  cut  in  the  rock 
sides  of  the  valley. 

In  constructing  the  sy  stem  of  reservoirs  on  Catskill  creek  the 
village  of  Oak  Hill  would  be  entirely  removed.  Aside  from  Green- 
ville, consisting  of  eight  or  ten  houses,  no  other  towns  are  inter- 
fered with  in  this  valley,  but  sewage  purification  works  have  been 
provided  for  East  Durham,  Durham,  Potter  Hollow,  Cooksburg, 
Preston  Hollow,  Livingstonville  and  Franklinton.  The  water 
j)Owers  on  Catskill  creek  above  East  Durham  are  of  little  im- 
portance, and  on  the  lower  creek  the  most  important  power  is 
at  I^eds,  where  there  is  head  sufficient  to  develop  500  horsepower 
with  low-water  flow. 

Table  'No.  90  gives  the  particulars  of  the  storage  reservoirs  on 
Catskill  creek. 


Table  No.  90 — Proposed  storage  reservoirs  on  Catskill  creek 


Name  of  Reservoir 

Area  of  catchment 
in  square  miles 

I Approximate  ele- 
1 ration  of  hi  ah 

1 water  in  feet 

above  sea  level 

Approximate  ele- 
vation of  low 
water  in  feet 
above  sea  level 

Hight  of  dam  in  | 
feet  1 

Area  of  reservoir 
full,  in  square 
miles 

Total  yield  in  gal- 
lons per  day 

Estimated  cost  per 
1,00.1,000  gallons 
available  capac- 
ity 

(1) 

(2) 

' (3) 

(4) 

(5) 

(6) 

(D 

(8) 

Greenville 

30.4 

680 

650 

85 

0.45 

13, 500, 000 

$240 

Lower  East  Durham 

21.8 

540 

500 

60 

0.33 

11,700,000 

255 

Upper  East  Durham 

43.3 

620 

580 

100 

0.89 

27, 100,  000 

245 

Oak  Hill 

52.4 

720 

680 

90 

0.97 

32, 000,  000 

250 

Preston  Hollow. . . .’ 

44.1 

960 

900 

100 

0.44 

24, 000, 000 

245 

Total 

192.0 

3.08 

108, 300, 000 

The  area  of  the  Schoharie  catchment  above  Gilboa  is  about 
305  square  miles.  This  is  as  much  o*f  the  area  as  could  be  eco- 
nomically developed  for  the  supply  of  New  York. 

The  dams  of  the  proposed  Schoharie  creek  reservoirs  vary  from 
50  feet  to  110  feet  in  hight  and  from  TOO  feet  to  1840  feet  in 
length.  They  are  located  at  the  following  points:  At  Gilboa; 
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one  mile  north  of  Prattsville;  one  mile  north  of  Lexington,  and 

at  Kaaterskill  Junction.  On  the  Batavia  kill,  they  are  located 

% 

at  the  following:  Just  north  of  Ashland  and  Windham  and  south 
of  Big  Hollow;  and  on  the  East  kill,  below  East  Jewett.  These 
reservoirs  would  afford  about  40,000,000,000  gallons  (5,400,000,000 
cubic  feet)  of  available  storage,  and  would  yield  in  minimum 
years,  according  to  the  writer's  estimate,  about  500,000  gallons 
of  water  per  square  mile  ])er  day.  The  dam  at  Gilboa  would  be  of 
masonry — the  others  of  earth,  with  si)illways  cut  in  the  rock 
sides  of  the  valley. 

^^'aterpowers  on  Schoharie  ci-eek  above  Prattsville  are  unim- 
jtortant,  consisting  of  but  two  or  three  small  sawmills.  There 
are  several  powers  at  and  below  Gilboa,  but  none  of  them  is  very 
important,  although  the  abstraction  of  the  water  from  Scho- 
harie creek  would  affect  all  the  ])owers  on  the  Mohawk  river  below 
the  mouth  of  the  Schoharie. 

P>asing  a calculation  on  the  ]iower  develo])ed  at  Cohoes  in  rela- 
tion to  the  low-water  Ilow  of  the  stream,  the  effect  of  the  abstrac- 
tion of  the  ])i'Oposed  amount  of  Schoharie  creek  water  would  be 
JilK)ut  1800  horse})ower. 

Table  No.  01  gives  the  ])articulars  of  storage  reservoirs  on 
Schoharie  creek. 


'Table  No.  01 — Pboposed  storage  keseiuoirs  on  Schoharie  creek 


Name  of  lieservoir 

Area  of  catchment 
in  square  miles 

Appx'oximate  ele- 
vation of  high 
water  in  feet 
above  sea  level 

Approximate  ele- 
vation of  low  1 
water  in  feet  I 
above  sea  level 

C=H 

Area  of  reservoir 
full  in  square 
miles 

Total  yield  in  gal- 
lons per  clay 

Estimated  cost  per 
1,000,000  g-allons 
available  capac- 
ity 

(1) 

(3) 

(3) 

(4) 

(5) 

(8) 

(H 

(8) 

Kaaterskill  Junction 

33.4 

1,740 

1.700 

90 

0.47 

17,800,000 

$305 

East  Jewett 

20.6 

1,830 

1,800 

95 

0.74 

14, 700, 000 

265 

Big  Hollow 

13.6 

1,720 

1,675 

90 

0.29 

9, 400, 000 

320 

Windham 

15.5 

1,560 

1 , 540 

65 

0.28 

6,  300,  000 

365 

Lexington 

42.2 

1 , 430 

1,380 

100 

0.83 

29, 100, 000 

255 

Ashland 

22.9 

1,480 

1 , 455 

50 

0.49 

12,100,000 

250 

Prattville  

76.9 

1,280 

1,225 

105 

1.64 

57, 900, 000 

240 

Gilboa 

80.3 

1,*100 

1,050 

110 

1.01 

47, 800,  000 

220 

Total  

305.4 

5 . 75 

195, 100, 000 

The  foregoing  estimates  included  in  tables  No.  89,  90  and  91 
do  not  cover  damage  to  mill  property  and  waterpower. 
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In  addition  to  the  projects  herein  discussed  at  length,  at  various 
times  during  the  last  few  years  projects  have  been  considered  for 
reservoirs  on  the  foi lowing  streams: 

Mahwah  river,  diverting  the  water  at  Sufferu,  where  there  is  a 
catchment  area  of  20  square  miles;  Popolepen  creek,  diverting  the 
water  at  Fort  Montgomery,  where  there  is  a catchment  area  of 
28  square  miles;  Big  Moodna  creek,  diverting  the  water  at  Salis- 
bury Mills,  where  there  is  a catchment  area  of  123  square  miles; 
Little  Moodna  creek,  diverting  the  water  at  Woodbury  Falls, 
wliere  there  is  a catchment  area  of  11  square  miles;  Shawangunk 
creek,  diverting  the  water  at  Bloomingsburg,  where  there  is  a 
catchment  area  of  17  square  miles;  Kondout  creek,  diverting  the 
water  at  Ellenville,  where  there  is  a catchment  area  of  184  square 
miles;  the  Basher  kill,  diverting  the  water  at  Port  Orange;  Never- 
sink  creek,  diverting  the  water  at  Quarryville,  where  there  is  a 
catchment  area  of  200  square  miles;  the  Delaware,  diverting  the 
water  above  Port  Jervis,  where  there  is  a catchment  of  3600  square 
miles.  None  of  these  projects  has  passed  more  than  the  prelim- 
inary stage. 

The  Neio  York  Water  Supply  Commission  of  190S.  In  the  fall  of 
1902  the  Mayor  of  New  York  appointed  William  H.  Burr,  Rudolph 
Ilering  and  John  R.  Freeman  as  a commission  to  consider  the  best 
sources  of  an  additional  water  supply  for  New  l"ork  city.  The 
final  report  of  this  commission  was  submitted  in  December,  1903. 
The  outline  for  the  plan  of  a new  gravity  supply  is  given  in  the 
following  abstract  of  the  report,  as  taken  from  Engineering  News 
for  December  24,  1903 : 

The  commission  favors  taking  a first  installment  of  60,000,000 
gallons  from  the  Fishkill  watershed,  but  developing  concurrently 
the  supply  from  Esopus  creek.  These  two  sources  vcoiild  give 
nearly  320,000,000  gallons  per  da}'.  Another  100,000,000  gallons 
per  day  may  be  secured  from  Rondout  creek  without  great  addi- 
tional expense,  making  a total  supply  of  nearly  420,000,000.  The 
final  80,000,000  gallons  or  more  may  be  obtained  from  Wappinger 
creek  by  means  of  a large  reservoir  at  Hibernia,  within  the  catch- 
ment area  of  that  creek,  thus  completing  the  amount. of  500,000,000 
gallons  per  day.  If  it  sliould  be  desired,  a further  large  supply 
can  be  obtained  from  the  upper  watershed  of  the  Jansen  kill,  on 
the  easterly  side  of  the  Hudson,  and  from  the  upper  waters  of 
Schoharie  creek,  diverted  into  the  watershed  of  the  Esopus  creek, 
and  from  Oatskill  creek. 
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The  waters  of  the  three  creeks  on  the  easterly  side  of  the  river 
are  much  harder  than  the  Croton  water,  but  the  waters  of  Rondout 
and  Esopus  creeks  are  remarkably  soft  and  desirable  for  city  sup- 
ph\  It  has  been  the  commission’s  j)]an  to  deliver  to  the  cit}^  the 
soft  water  of  the  Catskill  mountain  streams,  so  as  to  reduce  the 
hardness  of  the  combination  with  the  waters  on  the  easterly  side 
of  the  Hudson,  thus  securing  a supply  equally  soft  as  the  Croton 
water. 

The  commission  is  strongly  of  the  opinion  that  after  the  waters 
of  the  streams  now  recommended  for  use  are  taken,  Hudson 
river  water  should  be  secured  by  pumping  it  out  of  the  river 
near  Hyde  Park  up  to  suitable  reservoirs  and  filters,  on  the  high 
land  easterly  of  the  river,  so  as  to  deliver  it  to  the  city  at  the 
required  elevation.  This,  however,  is  in  the  remote  future,  and 
is  set  forth  as  a resource  in  reserve  at  that  time.  In  such  a 
development  it  will  be  iiecessai-y  to  build  large  storage  reservoirs 
in  the  Adirondacks,  from  which  Hood  waters  of  the  Adirondack 
streams  may  be  released  during  the  summer  flow  of  the  Hudson, 
so  as  to  prevent  any  salt  water  from  reaching  the  point  where  the 
pumps  would  take  the  river  water.  It  is  explicitly  stated  in  the 
report  that  the  filtration  of  Hudson  river  water  would  render  it 
entirely  satisfactory  for  all  purposes. 

The  following  is  a summary  of  the  cost  of  these'  reservoirs: 

The  works  recommended  to  be  constructed  first  comprise  a 
section  of  the  Hill  View  reservoir,  of  600,000,000  gallons  capac- 
ity; the  main  aqueduct,  of  500,000,000  gallons  daily  capacity, 
from  that  reservoir  to  Stormville  reservoir;  a section  of  the 
Stormville  filters,  of  50,000,000  gallons  daily  capacity;  the  twin 
aqueduct,  one  channel  of  400,000,000  gallons  and  the  other  of 
250,000,000  gallons  daily  capacity,  from  the  Stormville  reser- 
voir to  the  Billings  reservoir  and  these  two  reservoirs.  This 
construction  will  afford  an  additional  supply  of  60,000,000  gal- 
lons per  day.  Concurrently  with  the  preceding  construction, 
the  aqueduct  of  400,000,000  gallons  daily  capacity  should  be 
built  from  the  Billings  reservoir  to  the  Ashokan  reservoir,  and 
at  the  same  time  the  latter  reservoir  should  also  be  under  con- 
struction. 

It  is  estimated  that  the  first  part  of  this  work,  i.  e..  extend- 
ing from  Hill  View  reservoir  to  Billings  reservoir,  may  be  built, 
under  efficient  management,  withiu  five  years,  and  that  the 
s(*cond  part  of  the  construction,  extending  from  Billings  reser- 
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voir  to  the  Ashokan  reservoir,  may  be  comipleted  within  the 
same  period,  if  the  labor  market  affords  sufficient  force  and  the 
money  is  provided. 

The  summary  of  costs  of  this  construction  is  as  follows: 


Reservoirs 

Total  cost 

Cost  per 
1,000,000  gallons 

Hill  View  covered  reservoir  first  sec- 
tion of  600,000,000  gallons  capacity. 

19,059,000 

115,098  00 

Stormville  filter  plant  first  installation 
of  50,000,000  gallons  daily  capacity. 

3,581,000 

Stormville  reservoir,  10,000,000,000 
gallons  capacity 

2,503,000 

250  00 

Billings  reservoir  6,800,000,000  gallons 
capacitv  

1,806,000 

266  00 

Ashokan  reservoir,  ,66,500,000,000  gal- 
lons capacitv 

11,734,000 

176  00 

Total  128,688,000 


High  Level  Aqueduct 

From  Hill  View  to  Stormville  filters..  |18, 755,000 

From  Stormville  to  Billings,  twin 

aqueduct 3,584,000 

From  Billings  to  Ashokan,  including 

Hudson  river  crossing  9,076,000 

Total  131,415,000 


Total  (ost  of  construction...  |60,098,000 


These  estimated  costs  include  actual  contract  and  all  other 
expenditures,  except  those  for  damages  to  water  rights.  These 
works  will  afford  an  additional  supply  of  nearly  320,000,000  gal- 
lons daily. 

It  is  estimated  that  the  complete  construction  of  reservoirs, 
filters  and  aqueducts  for  the  full  additional  supply  of  500,000,000 
gallons  per  day  may  be  required  by  1925.  The  costs  of  the 
remaining  construction  in  excess  of  that  already  provided  for 
will  be  as  follows: 
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Reservoirs  Total  cost 

Hill  View  reseryoir  completed  to 
2,030,000,000  gallons  capacity  in  1025  |4,110,000 

StoiTnyille  filters  completed  to  500,- 
000,000  gallons  daily  capacity  in  1025  11,065,000 

Hibernia  reservoir,  30,500,000,000  gal- 


lons capacity 0,308,000 

Silvernails  reservoir,  17,200,000,000  . 
gallons  capacity 5,530,000 

Total 130,013,000 


Aqueducts 

Additional  cost  for  completed  aque- 
duct between  Hill  View  and  Storm- 

ville 11,510,000 

Additional  cost  for  completed  aque- 
duct between  Billings  and  Asliokan  4,369,000 

Aqueduct  from  Billings  reservoir  to 
Hibernia  reservoir,  300,000,000  daily 

capacity 1,573,000 

Aqueduct  from  Hibernia  to  Silver- 
nails,  220,000,000  to  330,000,000  gal- 
lons daily  capacity  1,276,000 


Cost  per 
1,000,000  gallons 


1305  00 
321  00 


Total 


18,728,000 


Total  cost  of  additional  con- 
struction   138,741,000 


These  additional  costs,  like  those  covering  the  first  j)ortions 
of  the  work  to  be  constructed,  include  all  expenditures  such 
as  those  for  land,  clearing  reservoir  sites  and  other  similar 
costs  except  water  damages  along  the  streams  from  which  the 
additional  supply  is  taken. 

The  total  cost  of  the  cmtire  works  required  to  deliver  the 
additional  high  service  supply  of  500,000,000  gallons  per  day 
will  be  the  sum  of  the  two  preceding  totals:  total  cost  of  entire 
work,  198,839,000. 

If  instead  of  developing  the  Jansen  kill  it  should  be  considered 
preferable  to  take  the  soft  waters  of  Rondout  creek,  the  ])re^ 
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ceding  estimates  of  cost  would  be  modified  to  tlie  extent  of  sub- 
stituting the  expenditures  necessary  to  secure  the  Rondout 
water  for  those  required  to  secure  the  Jansen  kill  water.  The 
commission  believes  tha>t  this  procedure  will  be  found  to  be 
preferable;  but  the  impossibility  of  completing  the  Rondout  sur- 
veys does  not  permit  accurate  estimates  to  be  made  for  securing 
the  Rondout  water. 

In  regard  to  a supply  for  the  Boroughs  of  Brooklyn,  Queens 
and  Richmond,  the  abstract  of  the  final  report  of  the  commis- 
sion states  as  follows: 

For  Brooklyn  and  Queens,  an  immediate  development  of  the 
ground-water  sources  of  Queens  and  Nassau  counties  is  recom- 
mended, and  that  all  surface  supplies  be  filtered;  also  that  ulti- 
mately these  Long  Island  sources  be  supplemented  by  a branch 
conduit  from  the  proposed  500,000,000-gaIlou  aqueduct  from  the 
north  of  Manhattan. 

For  Richmond,  the  commission  has  approved  of  a ten-year 
contract  with  a private  company  for  the  immediate  introduction 
of  filtered  water  from  New  Jersey. 

Queens,  the  commission  says,  already  urgently  needs  more 
water  and  the  Borough  of  Brooklyn  has  also  reached  that  point 
where  it  must  have  additional  water  of  good  quality.  It  has 
already  begun  to  filter  its  present  surface  supplies,  which  are 
more  or  less  polluted  by  the  increasing  population  of  the  south- 
ern portion  of  Nassau  county. 

The  following  are  the  catchment  areas  of  the  several  re'servoirs 
proposed  for  construction  by  the  commission  in  their  report 
of  1903 : 

SqiiJU-e  miles 


Fishkill  creek  : Above  Stormville  dam 49 

Above  Billings  dam 32 

81 

Wappinger  creek  : Above  Hibernia  dam 90 

Above  Clinton  Hollow  dam 20 

110 

Roeliff  Jansen  kill:  Above  Silvernails  dam 149 

Esopus  creek  : Above  Ashokan  dam 255 

Rondout  creek  : Above  dam 131 


Grand  total 732 
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This  commission  is  in  favor  of  using  well  chosen  underground 
waters,  and  points  out  the  high  character  and  large  amount  of 
underground  waters  naturally  stored  on  Long  Island.  Exten- 
sive studies  have  been  made  of  these  underground  sources,  cover- 
ing 1000  square  miles  of  territory  and  including  observations 
of  the  water  levels  in  nearly  1500  wells.  The  commission  states 
that  at  the  present  time  no  municipality  can  be  considered  as 
satisfactorily  supplied  with  water  unless  the  supply  is  either 
filtered  artificially  or  naturally  filtered,  as  in  the  case  of  ground 
water.  It  also  urges  that  works  for  the  filtration  of  the  Croton 
supply  be  demanded  at  once,  and  advises  that  the  reservoirs  in 
Central  park  be  cleaned  and  that  they  be  roofed  over  as  soon  as 
the  Croton  supply  is  filtered. 

As  shown  by  Plate  XXXIV,  this  commission  recommended 
that  Fishkill  creek,  Wappinger  creek  and  the  Koeliff  Jansen 
kill  on  the  east  side  of  the  Hudson  be  taken,  together  with 
Esoi>us  and  Rondout  catchment  areas  on  the  west  side. 

On  Fishkill  and  Wappinger  creeks  there  are  situated  manufac- 
tories eni])loying  7000  people  who  are  greatly  alarmed  at  the 
}>rospeet  of  their  industries  being  destroyed.  They  accordingly 
went  to  the  legislature  of  1904  and  secured  the  passage  of  an 
act  prohibiting  the  taking  of  any  of  the  waters  of  Dutchess  county 
for  the  supply  of  New  York  city.  This  act  was  signed,  and  it 
is  uncertain  whether  the  work  of  the'  New  York  Water  Supply 
Comimission  of  1903  may  not  be  considerably  modified  in 
consequence. 

Water  supply  of  Staten  Island.  The  area  of  Staten  Island 
is  49  square  miles,  including  the  salt  marsh  at  its  borders.  It 
contained  a population  in  1900  of  67,021.  A considerable  pro- 
portion of  this  population  is  collected  in  small  villages,  which 
as  yet  have  no  public  water  supplies.  There  are  several  villageis 
of  considerable  size,  as  Pleasant  Plains  and  Prince  Bay,  which 
obtain  their  water  from  wells.  There  are  also  a number  of  large 
manufacturing  establishments  which  are  without  public  water 
for  fire  protection  or  general  purposes.  The  village  of  Tottenhill, 
at  the  extreme  south  of  the  island,  is  supplied  from  a small  plant 
owned  by  the  municipality. 

The  present  supplies  throughout  Staten  Island  are  from  driven 
wells.  Eighty  per  cent  of  the  area  of  Staten  Island  is  stated  to 
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be  covered  by  the  terminal  moraine  of  tlie  continental  glacier, 
with  surface  formation  very  impervious.  The  conditions,  there- 
fore, are  quite  different  here  from  Long  Island,  where  extensive 
areas  of  coarse  sand  permit  a large  proportioni  of  the  rainfall 
to  sink  into  the  earth.  Moreover,  the  geologic  structure  is 
such  as  to  render  it  imiprobable  that  any  such  large  amount  of 
ground  water  can  be  obtained  as  in  the  adjacent  area  of  New 
Jersey. 

The  geology  of  Staten  Island  has  been  reported  upon  by  Pro- 
fessor W.  O.  Crosby  of  the  Massachusetts  Institute  of  Technology. 
In  this  report  it  is  stated  that  borings  in  the  vicinity  of  Wood- 
bridge  and  Perth  Amboy  show  that  the  traprock  and  the  ridge 
of  crystalline  rocks  are  continued  only  at  moderate  depths  below 
the  surface,  and  that  in  consequence  the  cretaceous  strata  under- 
lying the  entire  lowlands  south  of  the  serpentine  ridge,  and  which 
in  New  Jersey  embrace  several  good  water  horizons,  are  cut  off 
from  the  catchment  areas  either  on  the  mainland  or  on  the 
northern  part  of  Staten  Island.  Moreover,  the  fact  that  the  wells 
penetrating  the  cretaceous  strata  are  practical  failures  indicates 
that  the  water-bearing  strata  outcrop  on  this  island  only  to  a 
very  limited  extent  or  not  at  all. 

The  gray  gravel  and  blue  gray  formations  of  Long  Island  are, 
so  far  as  can  be  observed,  wholly  Avanting  on  Staten  Island,  and 
the  yellow  gravel,  which  is  an  important  reservoir  of  ground 
water  on  Long  Island,  has  only  a limited  development  on  Staten 
Island,  being  practically  confined  to  the  cretaceous  lowlands^ 
which  are  the  source  of  such  wells  as  are  not  failures. 

Moreover,  the  greater  portion  of  the  area  of  Staten  Island 
is  covered  by  bowlder  clay,  which  is  of  an  exceptionally  imiper- 
vious  character,  as  proved  by  numerous  ponds  more  or  less 
effectually  sealing  the  catchment  areas  of  strata  which  might 
otheinvise  be  water-bearing.  The  bowlder  clay  is  in  many  places 
from  50  feet  to  200  feet  thick. 

To  summarize,  the  geologic  conditions  affecting  the  storage 
and  flow  of  ground  water  are  generally  unfavorable,  because  all 
the  formations,  excepting  the  yellow  gravel,  are  naturally  of  little 
value  as  sources  of  ground  water.  Unfortunately,  the  yelloAv 
gravel  has  not  only  a limited  catchment  area,  but  the  small  areas 
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of  it  are  mainly  near  the  southeastern  margin  of  the  island,  which 
still  further  limits  the  probability  of  water  in  that  portion  under 
the  terminal  moraine.  Generally,  therefore,  the  conditions  on 
Staten  Island  are  not  comparable  with  those  on  Long  Island. 

AS  TO  THE  POSSIBILITY  OP  PUBLIC  AVATER  SUPPLIES  FROM  WELLS 
IN  THE  STATE  OP  NEW  YORK 

Aside  from  Long  Island,  there  is  little  probability  of  satis- 
factory well  supplies  in  the  State  of  New  York.  This  fact  is  of 
importance  because  frequently  town  authorities  who  are  not 
familiar  with  Avater  supply  engineering,  imagine  that  a satis- 
factory supply  can  be  obtained  from  wells  at  small  expense.  This 
matter  was  reported  upon  by  the  writer  in  considering  a ground 
water  supply  for  Lockport  in  November,  1903.  The  following  from 
that  report  is  herewith  given : 

At  the  time  of  the  issue  of  the  last  edition  of  the  Manual  of 
American  Waterworks,  in  1897,  there  Avere  in  the  State  of  Ncav 
Y"ork  a total  of  420  water Avorks  of  Avhich  00  Avere  Avell  supplies. 
The  writer^'is  more  or  less  familiar  with  the  most  of  these  Avell 
supplies,  and  aside  from  those  on  Long  Island,  the  statement  may 
be  made  that  they  are  unsatisfactory  in  quantity — they  nearly  all 
fail  in  dry  time.  They  are  also  unsatisfactory  in  quality.  There 
are  a few  exceptions  to  this,  but  the  broad  proposition  is  abun- 
dantly true  that  well  supplies  in  the  State  of  New  York,  aside 
from  those  on  Long  Island,  are  not  satisfactory.  It  has  been 
necessary  to  reinforce  the  most  of  them  either  by  taking  streams, 
canals,  or  by  other  means,  Avith  the  result'  that  their  quality  has 
been  so  far  deteriorated  as  to  constitute  in  many  cases  a distinct 
menace  to  the  health  of  the  communities  using  them. 

Again,  about  two-thirds  of  the  Avell  supplies  in  the  State  have 
been  constructed  by  private  companies,  and  almost  Avithout  excep- 
tion the  works  are  constructed  as  cheaply  as  possible,  to  their 
permanent  detriment.  They  have  naturally,  therefore,  adopted  a 
well  supply  Avherever  possible  as  being  cheaper  than  surface  sup- 
plies. But  in  making  these  remarks,  it  is  not  to  be  overlooked 
that  on  Long  Island,  where  different  conditions  prevail,  satisfac- 
tory well  supplies  may  be  obtained  at  less  expense  than  surface 
supplies. 

The  peculiarity  of  Avells  penetrating  the  rock  in  New  York  State 
is  that  nearly  all  of  them  are  either  salty  or  contain  sulphureted 
hydrogen  or  some  other  objectionable  gas.  This  peculiarity  is 
specially  marked  in  the  limestones  of  the  Niagara  and  Clinton 
formations.  While  sulphureted  hydrogen,  by  itself,  in  very  small 
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quantities,  although  disagreeable,  is  not  specially  unhealthful, 
nevertheless  excessive  hardness  taken  in  conjunction  with  sul- 
phureted  hydrogen  produces  unsatisfactory  water  and  the  writer 
would  hesitate  to  recommend  a water  supply  containing  large 
amounts  of  sulphureted  hydrogen,  with  a high  degree  of  hardness, 
if  it  were  possible  to  obtain  anything  else.  Such  a water,  in  short, 
should  only  be  used  as  a last  resort. 

On  the  other  hand,  in  Illinois  and  a number  of  other  western 
States,  a very  large  proportion  of  the  Vvmter  supplies  is  derived 
from  wells.  We  conclude,  therefore,  that  broadly,  the  question  as 
to  whether  a well  supply  is  either  desirable  or  possible,  is  deter- 
mined largely  by  locality. 

In  regard  to  special  conditions  at  Lockport  a large  number  of 
wells  have  been  drilled,  not  only  within  the  city  limits  but  in 
the  surrounding  country.  A considerable  number  of  these  wells 
are  reviewed  in  detail  and  none  of  them  yields  more  than  a few 
thousand  gallons  of  water  per  day — usually,  from  a few  hundred 
to  two  thousand  or  three  thousand  gallons  is  the  limit.  One  of 
the  wells  is  reported  to  have  flowed  when  originally  bored  in  1888. 
At  the  present  time  the  water  stands  permanently  from  ten  to 
twelve  feet  below  the  surface.  This  fact  indicates  a permanent 
reduction  of  ground  water  of  that  amount  in  fifteen  j^ears. 

Moreover,  the  source  of  all  the  water,  either  upon  the  surface 
or  within  the  ground,  is  the  rainfall.  The  average  rainfall  of  the 
western  plateau,  which  includes  western  New  York  west  of  the 
valley  of  Seneca  lake,  is  for  the  twelve  years  from  1891  to  1902, 
inclusive,  37.0.3  inches,  but  the  rainfall  at  Kochester  for  the  year 
1888  was  only  27.34  inches,  while  in  the  preceding  year  of  1887  it 
was  only  20.61  inches.  We  had,  therefore,  two  years  of  low  rain- 
fall, the  rainfall  of  1887  being  the  lowest  for  the  period  of  thirty- 
two  years  during  which  observations  have  been  kept  by  the  United 
States  Weather  Bureau  at  Kochester.  If,  therefore,  this  well 
actually  flowed  in  1888,  it  is  certain  that  the  large  number  of 
wells  put  down  since  that  time  have  materially  lowered  the 
ground  water  and  it  is  extremely  doubtful  if  now  more  than 
100,000  gallons  per  day  are  being  taken  from  the  ground  from 
wells  at  or  near  Lockport.  It  follows,  therefore,  from  the  known 
facts  of  wells  at  and  about  Lockport,  that  there  is  no  possibility 
of  obtaining  an  adequate  supply  for  the  city — at  any  rate,  on 
the  basis  of  present  use,  which  as  per  a statement  made  by  the 
superintendent  of  waterworks  under  date  of  January  1,  1903, 
is  at  the  average  daily  rate  of  4,500,000  gallons. 

The  problem  reduced  to  its  simplest  terms  is  this.  If  the  tak- 
ing of  perhaps  100,000  gallons  per  day  has  lowered  the  ground 
water  10  to  12  feet  in  fifteen  years,  during  which  time  the  rainfall 
has  been  mostly  several  inches  above  the  average,  how  much 
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would  the  ground  water  be  lowered  if  either  3,000,000  to  4,000,000 
gallons  per  day  were  taken,  or  even  as  small  a quantity  as  700,000 
gallons  per  day?  It  is  obvious  that  the  answer  must  be  that  it 
would  only  be  a short  time  before  water  would  be  exhausted  from 
the  ground,  and  any  waterworks  constructed  with  a ground 
water  supply,  a failure. 

As  to  why  it  is  improbable  that  this  quantity  of  water  can  be 
obtained,  there  are  three  reasons : 

1)  The  rocks  of  the  Niagara  and  Clinton  groups  as  existing 
at  and  about  Lockport  are,  above  the  Medina  sandstone,  close- 
textured — there  is  not  much  water  in  them. 

2)  The  overlying  surface  soil  is  strong,  compact  clay,  making 
it  impossible  that  any  considerable  quantity  of  rainfall  penetrate 
the  soil  and  to  and  into  the  rocks. 

3)  The  inclination  of  the  strata  is  from  northeast  to  south- 
west, rendering  it  impossible  that  water  in  or  between  the  strata 
run  towards  Lockport.  Its  natural  course  is  away  from  the  city. 

The  material  for  demonstrating  these  three  propositions  exists 
in  considerable  detail,  but  as  the  writer’s  object  is  not  at  present 
to  write  a treatise  on  well  supplies  but  merely  to  point  out 
saliently  a few  reasons  why  such  supplies  are  mostly  impossible 
in  New  York  the  matter  is  not  pursued,  aside  from  the  paragraphs 
following,  any  further  at  this  time. 

As  bearing  on  the  subject  just  discussed,  in  Water  Sup- 
ply and  Irrigation  paper  of  the  United  States  Geological 
Survey,  No.  61 — Preliminary  List  of  Deep  Borings  in  the 
United  States — by  N.  H.  Darton,  there  is  an  extensive  list  of 
deep  borings  scattered  over  New  York.  Mr  Darton  states  that 
in  Allegany  county  there  are  over  6500  borings,  some  of  them  3000 
feet  deep.  Aside  from  two  or  three  wells,  which  yield  from  50 
to  70  gallons  per  minute  of  good  water,  the  balance  of  the  deep 
wells  of  the  State  contain  either  gas,  salt  or  mineral  water.  Deep 
wells,  almost  without  exception,  are  failures  as  regards  furnishing 
potable  water.  There  are  so  many  experiments  upon  this  point 
as  to  render  the  boring  of  a deep  well  for  a water  supply  in  New 
York  State  useless,  although  it  should  not  be  overlooked  that  a 
few  of  the  wells  furnish  potable  water,  but  the  chance  of  finding 
such  is  so  small  as  to  put  such  wells  out  of  the  list  for  public 
water  supplies.  At  any  rate,  it  should  be  understood  that  the 
finding  of  i)otable  water  in  a deep  well  is  a matter  of  chance. 

It  appears,  therefore,  that  aside  from  occasional  limited  su])- 
plies  of  spring  water  and  the  lakes  throughout  the  eastern  portion 
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of  this  region,  there  are  no  natural  water  supplies  to  be  found, 
except  in  the  elevated  regions  of  the  Allegheny  water  center,  where 
adequate  supplies  may  be  made  by  storage.  Many  of  the  lakes  are 
not  available,  because  they  receive  so  much  sewage  as  to  render 
the  water  unsafe  without  filtration.  This  remark  applies  to  Lakes 
Erie  and  Ontario  and  to  the  Niagara  river. 

The  preceding  remark  also  applies  in  some  degree  to  the  region 
east  of  Seneca  lake  and  south  of  the  Mohawk  river. 

As  to  why  this  is  so,  it  may  be  remarked  in  a few  words  that 
the  geology  of  the  region  is  not  favorable  either  to  subterranean 
water-supplies,  or  to  large  streams  flowing  on  the  surface.  The 
formations  in  an  ascending  order  from  Lake  Ontario  to  the  south 
line  of  the  State  are  Medina  sandstone,  Clinton  sandstone  and 
limestone,  Niagara  shales  and  limestone,  Salina  shales  and  lime- 
stone, the  lower  and  upper  Helderberg  limestones,  Hamilton 
shales  and  sandstone,  and  Portage  shales  and  sandstone.  There 
is  also  a small  area  of  cretaceous  clays  and  sands  in  Cattaraugus 
and  Allegan}”  counties,  near  the  south  line  of  the  State.  None  of 
these  formations  is  favorable  for  well  supplies — ^^the  preferable 
future  water  supplies  of  the  entire  region  must  be  surface  water, 
and  made  by  storage. 


IXLA1V13  WxVTKRWAYS 

Trade  and  commerce  of  Hudson  river.  The  importance  of  the 
Hudson  river  as  a great  waterway  of  commerce  is  shown  by  Charles 
G.  Weir  in  a report  made  in  1890.  Aside  from  its  own  local  trade 
the  river  absorbs  all  the  traffic  of  the  Erie,  Champlain  and  Dela- 
ware & Hudson  canals,^  besides  the  great  coal  trade  of  the  Penn- 
sylvania Coal  Company  at  Newburg  and  the  Erie  coal  trade  at 
Piermont.  The  average  season  of  navigation  of  the  river  is  two 
hundred  and  forty  days.  The  two  principal  industries  on  the  Hud- 
son river,  which  add  materially  to  the  total  tonnage,  are  ice  and 
brick.  The  capacity  of  the  ice  houses  on  and  near  the  river 
exceeds  4,000,000  tons,  and  the  amount  annually  harvested  is 
about  3,500,000  tons.  The  bricks  manufactured  on  the  river 
exceed  850,000,000. 

^Tbe  Delaware  and  Hndson  canal  has  be*en  abandoned  since  the  above 
sentence  was  written. 
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In  regard  to  the  foregoing  statement  of  the  capacity  of  ice 
houses  on  and  near  the  river^  as  made  Mr  Weir,  it  may  be 
remarked  that  Charles  C.  Brown,  in  a report  on  the  Hudson  river, 
which  appears  in  the  Eleventh  Annual  Beport  of  the  State  Board 
of  Health,  gives  a list  of  ice  houses  on  the  Hudson  river,  with  their 
capacity  in  1889.  According  to  Mr  Brown,  the  total  capacity  in 
that  year  was  2,908,000  tons,  while  the  crop  harvested  frequently 
exceeds  this  quantity  by  500,000  tons,  which  is  stacked  up  outside 
and  disposed  of  before  the  warm  season  begins.  Mr  Weir’s 
statistics,  as  stated,  include  the  capacity  of  ice  houses  on  and  near 
the  Hudson  river,  while  Mr  Brown’s  include  only  those  actually  on 
the  river,  which  probably  explains  the  apparent  discrepancy  in 
the  statistics. 

The  following  statistics  include  the  tonnage  received  at  all 
points  above  8])uyten  Duyvil  creek,  and  of  the  local  shipment 
between  points  on  the  river.  That  sliipi)ed  is  credited  only  to  the 
points  from  which  it  was  sliipjKMl,  no  entry  being  made  to  the 
total  tonnage  of  the  amount  received  at  local  ])oints  from  other 
local  points.  The  total  tonnage  also  includes  all  through  freights 
shipped  from  j>oints  uj)  the  river  that  passed  the  mouth  of  Spuyten 


Duyvil  creek  going  south. 

Total  tonnage  of  all  ship])ing  ])oints  on  Hudson 
river  during  1889,  not  including  the  tonnage 

coming  through  State  canals  (tons) 15,033,309 

Value  of  same |3T8,196,091 

Total  tonnage  coming  to  and  leaving  tidewater 

through  (State  canals,  1889  (tons) 3,592,437 

Value  of  same 1108,000,000 

Increase  of  same  over  tonnage,  1888  (tons) 326,466 

Grand  total  tonnage  of  Hudson  river,  including 

tonnage  through  State  canals  (tons) 18,582,596 

Value  of  same 1485,733,094 

Number  of  transportation  companies  for  passen- 
gers or  freight,  not  including  steamboats  or 

pleasure  boats 30 

Total  number  of  passengers  carried,  1889 5,000,000 
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State  Canals 

The  Erie  canal.  Erie  canal  was  the  first  development  of  the 
internal  water  resources  of  New  York  State,  and  grew  out  of  the 
demand  for  transportation  facilities  between  the  Atlantic  sea- 
board and  the  Great  Lakes.  The  impulse  which  it  gave  to  the 
development  of  New  York  State,  and  of  the  entire  territory 
tributary  to  the  Great  Lakes,  can  hardly  be  estimated.  Taking 
into  account  its  far-reaching  consequences,  it  may  be  considered 
the  greatest  public  work  thus  far  carried  out  in  the  United  States. 
Nevertheless,  Erie  canal  has  not  only  passed  its  day  of  usefulness, 
but,  to  some  extent,  stands  in  the  way  of  future  development,  the 
chief  cause  for  this  being  a too  pronounced  regard  for  the  canal’s 
former  greatness.  The  historical  matter  may  serve  to  indicate 


Fig.  45.  Original  lock  used  on  Erie  canal. 


how  strongly  the  feeling  that  Erie  canal  should  be  maintained 
in  perpetuity  has  been  impressed  upon  the  people  of  the  State  of 
New  York.  (This  paragraph  was  written  in  1897.) 

By  way  of  illustrating  the  rise  and  decline  of  Erie  canal,  it 
may  be  cited  that  in  1837  the  total  freight  carried  was  1,171,296 
tons,  valued  at  |55,809,288;  in  1880  the  total  freight  carried  was 
6,457,656  tons,  valued  at  |247,844,790 ; in  1895  the  -total  freight 
carried  was  3,500,314  tons,  valued  at  |97,453,021.  Statistics 
show  that  the  great  bulk  of  all  the  freight  now  carried  on  Erie 
canal  is  through  freight  carried  for  western  producers,  local  busi-  " 
ness  being  only  a small  per  cent  of  the  whole.  Statistics  show 
that  freights  are  now  carried  by  railways  as  cheaply  as  they 
can  be  carried  by  the  canal,  and  tiiis,  too,  at  a profit,  while  the 
canal,  in  order  to  obtain  any  freight  at  all,  has  been  obliged  to 
do  away  with  all  tolls,  thus  making  the  cost  of  shipment  by  canal 
the  bare  cost  of  transportation  proper. 
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lu  1895  an  improvement  of  Erie  canal  was  authorized  at  a cost 
of  $9,000,000.  Later,  it  was  found  that  the  cost  would  he 
$10,000,000  instead  of  $9,000,000,  as  originally  expected.  On  this 
basis,  and  throwing  out  of  the  account  former  expenditures,  we 
may  say  that  Erie  canal  will  cost  the  people  of  the  State  of  New 
York  annually  at  least  $1,230,000.  Assuming  a traffic  for  the 
canal  of  5,000,000  tons  per  annum,  carried  an  average  of  200 
miles,  we  have  a total  of  1,000,000,000  ton-miles  per  annum,  on 
which  the  people  of  the  State  of  New  l"ork  must  pay  in  the  way 
of  interest  and  cost  of  maintenance  and  operation  about  1.25 
mills  per  ton-mile,  while  canal  freights  now  average  about  1.2 
mills  per  ton-mile;  hence  the  people  of  the  State  of  New  Y"ork 
will  be  obliged  to  pay  under  the  new  conditions  over  50  per  cent 
of  the  total  cost  of  the  transportation.  At  present  the  local 
canal  freights  are  only  15  per  cent  of  the  total. 

. Early  history  of  canals  in  New  York.  The  idea  of  a water  com- 
munication between  the  Hudson  river  and  the  west  via  the  valley 
of  the  Moha^vk  had  been  a favored  one  with  the  statesmen  of 
New  York  for  many  years  previous  to  the  beginning  of  the  present 
century;  the  early  projects,  horv^ever,  were  with  reference  to  im- 
provement of  the  natural  water  channels  and  did  not  include 
the  construction  of  artificial  channels  further  than  such  channels 
might  be  necessary  as  connecting  links. 

So  far  as  can  be  learned,  the  earliest  mention  of  the  route 
between  Albany  and  Lake  Ontario  was  in  a report  made  in  1724 
by  the  Surveyor  General  to  Governor  Burnet,  the  Colonial  Gov- 
ernor of  the  Province  of  New  Y^ork.  The  Surveyor  General 
describes  the  watercourses  and  carrying  places  between  Albany 
and  Lake  Ontario  with  about  as  muoli  accuracy  as  they  cam  be 
described  today.  The  carry  between  the  Mohawk  river  and  Wood 
creek  he  describes  as  a portage  only  three  miles  long,  except 
in  very  dry  weather,  when  the  goods  must  be  carried  two  miles 
further.’’  He  also  describes  the  passage  down  the  Oswego  river 
to  Lake  Ontario,  showing  that  freight  could  be  carried  from 
Albany  to  that  lake  by  way  of  the  Mohawk,  Oneida  and  Oswego 
rivers,  cheaper  and  much  more  conveniently  than  they  were  then 
transporting  it  by  way  of  the  Hudson,  Lake  Ghamplain  and  the 
River  St  Lawrence. 


Plate  38. 


Irie  canal  at  Syracuse. 
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Moreover,  the  supposed  near  approach  of  the  western  waters 
of  New  York  and  of  Lake  Erie  is  also  referred  to  in  this  report 
of  1724,  as  follows : 

Besides  the  passage  by  the  lakes,  there  is  a river  which  comes 
from  the  country  of  the  Senecas  and  falls  into  the  Oswego  river, 
by  which  we  have  an  easy  carriage  into  the  country  without  going- 
near  Lake  Ontario.  The  head  of  this  river  goes  near  Lake  Erie 
and  probably  may  give  a very  near  passage  into  that  lake  and 
much  more  advantageous  than  the  way  the  French  are  obliged  to 
take  by  the  great  falls  of  Niagara. 

In  1768  Sir  Henry  Moore,  the  Colonial  Governor,  in  a message 
to  the  Assembly,  stated  that : 

The  obstruction  of  navigation  in  the  Mohawk  river,  between 
Schenectady  and  Fort  'Stanwix,  occasioned  by  the  falls  of  Cana- 
joharie,  had  been  constantly  complained  of,  and  that  it  was  obvi- 
ous to  all  who  were  conversant  in  matters  of  this  kind  that  the 
difficulty  could  be  easily  remedied  b}-  sluices,  by  the  plan  of  those 
in  the  great  canal  of  Languedoc  in  France,  which  was  made  to 
open  a communication  between  the  Atlantic  ocean  and  the 
Mediterranean. 

In  1788  Elkanah  Watson  proposed  to  establish  a water  com- 
munication from  the  Hudson  river  and  Lake  Ontario  by  way  of 
Oneida  lake,  Oneida  river,  and  Oswego  river,  his  plan  being  to 
connect  Wood  creek  with  the  Mohawk  river  by  a canal  and  to 
improve  the  Mohawk  with  locks. 

The  foregoing  quotatioms  show  that  the  possibilities  of  water 
transportation  had  received  attention  at  a very  early  day.  Golden 
states  that  Governor  Burnet  erected  a fort  and  trading  houses 
at  the  mouth  of  Oswego  river  about  1726  because  of  its  water 
communication  with  the  country  of  the  Iroquois  and  for  facility 
of  transportation  between  the  lakes  and  Schenectady,  there  being 
but  three  portages  in  the  whole  route  and  two  of  them  very  short.’^ 
These,  no  doubt,  were  the  carriages  at  Little  Falls,  Wood  creek 
and  at  Oswego  rapids. 

A Swedish  traveler  in  this  country  in  the  year  1748  speaks  of 
the  near  approach  of  the  waters  of  the  Hudson  and  the  St  Law- 
rence. Apparently  he  supposed  there  was  a perfect  communica- 
tion from  the  former  to  the  latter. 

As  soon  as  the  Revolutionary  war  was  concluded,  Washington 
saw,  in  the  improvement  of  the  internal  communications  of  this 
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country,  that  which,  after  independence,  most  concerned  the  pros- 
perity and  happiness  of  the  people.  Undoubtedly  the  subject  had 
occupied  his  mind  before  the  Kevolution,  although  there  is  no 
record  by  which  any  date  can  be  fixed,  but  he  was  without  doubt 
among  those  who  first  thought  of  the  advantages  and  practica- 
bility of  a navigation  between  the  lakes  and  the  Atlantic.  Imme- 
diately after  the  war  ended  he  devoted  himself  to  this  subject, 
and  in  1784  personally  explored  not  only  what  is  now  the  route 
of  the  Champlain  canal,  but  the  route  which  later  on  the  Western 
Inland  Lock  Navigation  Company  adopted  for  their  improvement. 

The  following  extract  from  a letter  to  the  Marquis  of  Ohas- 
tellux,  in  which  WasJiiugton  refers  to  these  travels,  is  taken  from 
Marshall’s  Life  of  Washington : 

I have  lately  made  a tour  through  the  Lakes  George  and  Cham- 
plain, as  far  as  Crown  Point;  then  returning  to  Schenectady,  I 
proceeded  up  the  ]\[ohawk  river  to  Fort  Stanwix,  and  crossed 
over  to  Wood  creek,  which  emj)ties  into  Oneida  lake  and  affords 
the  water  communication  witli  Ontario;  I tlien  traversed  the 
counti*y  to  the  head  of  the  eastern  banks  of  the  Susquehanna,  and 
viewed  the  Lake  Otsego,,  and  the  portage  between  that  lake  and 
the  Mohawk  river  at  Canajoharie.  rronq)ted  by  these  actual  ob- 
servations, I could  not  lielj)  taking  a more  contemplative  and 
extensive  view  of  the  vast  iidand  navigation  of  these  United 
States,  and  could  not  but  be  struck  witli  the  immense  importance 
of  it.  ...  I shall  not  rest  content  until  I have  explored  the 
western  country  and  traversed  tliose  lines  . . . which  have 

given  bounds  to  a new  em])ire. 

In  1772  Christopher  Colies  lectured  in  Philadelphia  on  the 
subject  of  lock  navigation,  and  in  1784  proposed  to  the  New 
York  Legislature  to  improve  the  navigation  of  the  Mohawk  river. 
In  1785,  on  the  reiterated  application  of  Mr  Colles,  the  Legisla- 
ture granted  him  |125  to  enable  him  to  make  an  attempt  towards 
the  execution  of  his  plan.  In  the  same  year  he  published  pro- 
posals to  establish  a company  to  improve  the  inland  navigation 
at  Oswego  and  Albany.  In  this  publication  he  anticipated  the 
advantages  which  a water  communication  with  the  lakes  would 
afford.  He  states : 

The  Allegheny  mountains  seem  to  die  away  as  they  approach  the 
Mohawk  river.  The  ground  between  tlie  upper  part  of  this  river 
and  Wood  creek  is  perfectly  level. 
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In  Janiuary,  1791,  Governor  George  Clinton,  in  an  address  to 
the  Legislature,  urged  the  necessity  of  improving  the  natural 
water  channels  in  order  to  facilitate  commumcation  with  the 
frontier  settlements.  Following  this  address,  in  February  of  the 
same  year,  a joint  committee  was  appointed  to  inquire  what 
obstructions  in  the  Hudson  and  Mohawk  rivers  it  would  be  proper 
to  remove.  As  the  result  of  this  inquiry,  an  act  was  passed 
March  24,  1791,  authorizing  the  Commissioners  of  the  Land  Office 
to  explore  and  survey  the  ground  from  the  Mohawk  river  at  Fort 
Stanwix  (now  Rome)  to  Wood  creek  with  reference  to  construct- 
ing an  artificial  channel,  and  also  to  survey  the  Mohawk  and 
Hudson  rivers  for  improvement  by  locks  and  to  estimate  the 
cost  of  the  same.  A sum  not  exceeding  |500  vms  appropriated 
to  pay  the  expense  of  such  survey. 

At  that  time  the  channel  of  commerce  was  by  the  Mohawk  from 
Albany  to  Fort  Stanwix  in  boats  of  about  five  tons  burden.  Going 
west  these  boats  carried  from  11  to  2 tons  and  on  the  easterly 
trip  5 tons.  From  Fort  Stanwix  there  was  a portage  of  2 miles 
across  the  flats  to  Wood,  creek,  whence  the  course  lay  into 
Oneida  lake  and  river,  and  from  thence  into  Seneca  and  Oswego 
rivers  to  Lake  Ontario;  or,  from  points  farther  west,  up  Seneca 
river  to  Lakes  Cayuga  and  Seneca.  At  that  time  it  cost  from 
|75  to  |100  per  ton  for  transportation  from  Seneca  lake  to 
Albany.  The  time  occupied  in  going  from  Albany  to  Seneca 
lake  was  twenty-one  days,  and  in  returning  eight  days. 

The  commissioners  appointed  under  the  act  of  March,  1791, 
were  Elkanah  Watson,  Gen.  Phillip  Schuyler,  and  Goldsborrow 
Rayner.  On  the  3d  of  January,  1792,  the  commissioners  reported 
the  cost  of  improving  the  route  from  Albany  to  Seneca  lake  by 
locks  and  canals  at  |200,000,  whereupon  the  Legislature  passed 
an  act  March  30,  1792,  incorporating  the  Western  Inland  Lock 
Navigation  Company,  for  the  purpose  of  opening  navigation  by 
locks  from  the  Hudson  river  to  Lakes  Ontario  and  Seneca,  and  the 
Northern  Inland  Lock  Navigation  Company,  charged  with  per- 
forming a like  service  from  the  Hudson  river  to  Lake  Champlain,. 
The  capital  stock  of  each  company  consisted  of  1000  shares  of 
|25  each,  but  the  companies  were  afterwards  allowed  a capital 
stock  of  1300,000  and  an  increase  of  the  same  from  time  to  time. 
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Geu.  riiillip  Schuyler  was  the  lirst  president  of  the  Western 
Inland  Lock  Navigation  Company.^ 

In  March,  1795,  an  act  was  passed  directing  the  State  Treasurer 
to  subscribe  200  shares  to  these  companies,  of  |50  each.  State 
aid  was  again  granted  by  an  act  passed  in  April,  1796,  by  which 
the  AVestern  Inland  Lock  Navigation  Company  was  loaned 
137,500,  and  a mortgage  taken  by  the  State  on  the  company’s 
property  at  Little  Falls.  In  that  year  a route  was  opened  from 
Schenectady  to  Seneca  Falls  for  boats  carrying  16  tons.  The 
locks  at  Little  Falls  were  first  built  of  wood,  then  of  brick,  and 
finally  of  stone.  The  tariff  levied  for  a barrel  of  flour  carried 
100  miles  was  52  cents,  and  for  a ton  of  goods,  |5.75. 

In  the  report  of  the  directors  of  tlie  AA^estern  Inland  Lock 
Navigation  Company  to  the  Legislature  of  1796  many  interesting 
particulars  are  given  in  regard ‘to  this  navigation.  The  follow- 
ing from  that  report  about  the  canal  around  Little  Falls  is  of 
interest: 

The  canal  is  drawn  through  the  northern  shore  of  the  Mohawk 
river,  about  fifty-six  miles  beyond  Schenectady.  Its  track  is 
nearly  parallel  to  the  direction  of  the  waters  of  the  fall,  and  at 
a mean  about  forty  yards  therefrom.  Its  supply  of  water  is  from 
the  river,  and  the  canal  commences  above  the  falls,  in  a neat, 
well-covered  basin  of  considerable  depth  of  water,  and  reenters 
the  river  in  a spacious  bay  at  the  foot  of  the  fails;  its  length  is 
4752  feet,  in  which  distance  the  aggregate  fall  is  44  feet  7 inches. 
Five  locks,  having  each  nearly  9 feet  lift,  are  placed  towards  the 
lower  end  of  the  canal,  and  the  pits,  in  which  tliey  are  placed, 
have  been  excavated  out  of  solid  rock,  of  the  hardest  kind;  the 
chamber  of  each  lock  is  an  area  of  74  feet  by  12  feet  in  the  cleave, 
and  boats  drawing  three  feet  and  a half  of  water  may  enter  at 
all  times;  tlie  depth  of  water  in  all  the  extent  of  the  canal  beyond 
the  locks  is  various,  but  not  less  than  3 feet  in  any  place;  near 
the  upper  end  of  the  canal  a guard  lock  is  placed  without  lift,  to 
prevent  a redundancy  of  water;  when  the  water  in  the  river  rises 
beyond  the  low^est  state,  sluices  are  constructed,  to  discharge  the 
surplus  waiter  entering  the  canal,  from  the  two  small  rivulets 
which  intersect  its  course;  about  2550  feet  of  the  canal  is  cut 
through  solid  rock,  and  where  the  level  struck  above  the  natural 
surface  of  the  earth,  or  rather  rock,  strong  and  w^ell  constructed 
walls  are  erected,  supported  by  heavy  embankments  of  earth,  to 

^In  the  original  paper  “ AVater  Resources  of  the  State  of  New  York  ” it  is 
erroneously  stated  that  George  Washington  was  the  first  president  of  the 
AVestern  Inland  Lock  Navigation  Company. 
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confine  the  water  and  to  keep  the  level,  hence  there  is  no  other 
current  in  the  canal  than  an  almost  imperceptible  one,  when  the 
summit  lock  is  drawn;  three  handsome  and  substantial  bridges 
are  thrown  over  the  canal,  as  so  many  roads  which  have  been 
intersected  by  the  canal. 

The  report  to  the  Legislature  of  1796  is  accompanied  by  the 
report  of  William  Weston,  the  engineer,  in  which  estimates  are 
given  of  the  expense  of  improving  the  navigation  from  tidewater 
in  the  Hudson  river  to  Cayuga  lake,  .by  means  of  canals  and 
locks,  and  removing  the  obstructions  in  the  rivers  , so  as  to 
render  them  competent  for  the  transportation  of  produce  in 
boats  of  upwards  of  20  tons  burden. 

In  the  report  of  the  directors  of  the  tVestern  Inland  Lock 
Navigation  Company,  made  by  the  president,  under  date  of  Feb- 
ruary 16,  1798,  it  is  stated  that  early  in  the  spring  of  1796  the 
directors  commenced  operations  at  Fort  Stanwix  (Rome)  with 
reference  to  a junction  of  the  waters  of  the  Mohawk  river  and 
Wood  creek.  The  length  of  the  canal  at  this  point  was  a little 
over  three  miles. 

^Vith  respect  to  the  improvement  to  the  westward  of  Fort 
Stanwix,  the  directors  state  that  from  the  outlet  of  Oneida 
lake  to  the  south  end  of  Cayuga  lake,  nature  has  done  so  much 
that  little  is  left  for  art  to  accomplish.  The  few  obstructions 
necessary  to  be  removed  can  all  be  affected  in  the  course  of  one 
s^ummer  and  at  a very  moderate  expense. 

^ This  company  did  not  realize  anything  like  their  expectations. 
After  completing  the  canal  around  Little  Falls  and  at  Fort  Stan- 
wix,  they  were  confronted  by  the  difficulty  that  on  account  of  the 
excessive  tolls  charged,  these  short  stretches  of  canal  were  not 
as  much  used  as  they  had  expected.  While  the  commerce  from 
Oneida  lake  and  westward  was  considerable,  the  boatmen  still 
continued  to  carry  their  cargoes  around  these  obstructions  in- 
stead of  passing  through  the  canals.  Undoubtedly  the  scarcity 
of  ready  money  had  a good  deal  to  do  with  this,  although  the 
tolls  for  passing  through  the  canals  seem  rather  high.  As  we 
have  seen,  the  entire  bed  of  the  Mohawk  river  had  been  conveyed 
to  this  company  by  the  act  of  1792,  but  there  was  no  practical 
way  of  preventing  navigation  on  the  river. 

The  company,  however,  continued  in  existence  until  the  State 
entered  upon  its  era  of  inland  water  improvement  under  the 
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auspicies  of  the  State  itself  iu  1817/  in  which  year  a commission 
was  appointed  to  purchase  the  rights  of  the  Western  Inland 
Lock  ]\kayigation  Company  for  the  State.  This  commission  re- 
ported June  24,  1820,  awarding  to  the  company  the  sum  of  |151,- 
000,  which  was  to  be  appropriated  among  the  stockholders  of 
said  company,  as  follows: 

To  the  individual  stockholders,  projnletors  of  stock  amounting 
to  |140,000,  tlie  sum  of  |01,()1()  ; and  for  the  use  of  the  people  of 
this  State,  proprietors  of  stock  amounting  to  |92,000,  the  sum  of 
$00,204.80. 

This  repoit  of  the  commissioners  was  confirmed  by  the 
Supreme  Court  August  11,  1820.  The  ^Vestern  Inland  Lock 
Kavigation  Company  then  became  the  property  of  the  State,  and 
in  1821  the  State  collected  the  sum  of  |450.50  for  tolls  charged 
from  Rome  to  the  lower  lock  at  Little  Falls  on  account  of  trans- 
I)ortation  over  the  route  formerly  controlled  by  the  Western 
Inland  Lock  Navigation  Company. 

Chapter  144  of  the  laws  of  1813  incorporated  the  Seneca  Lock 
Navigation  Company  for  the  purpose  of  constructing  a canal 
from  Ca3uiga  lake  to  Seneca  lake.  The  rights  of  this  company 
were  purchased  by  the  State,  pursuant  to  chapter  271  of  the 
laws  of  1825.  The  two  companies,  the  Western  Inland  Lock  Navi- 
gation Company  and  the  Seneca  Lock  Navigation  Company,  may 
be  considered  the  forerunners  of  the  Erie  canal. 

About  $100,000  was  expended  hy  tlie  Northern  Inland  Lock 
Navigation  Comjpany  on  locks  around  the  falls  at  Cohoes  and 
for  their  improvement,  all  of  which  proved  a total  loss,  the  rights 
of  the  compaii}^  being  finally  transferred  to  the  State  before 
navigation  from  the  Hudson  river  to  Lake  Champlain  was  actually 
opened. 

The  amount  expended  by  the  Western  Inland  Lock  Navigation 
Company  up  to  Decemiber,  1804,  was  $307,743,  which  was  in- 
creased to  $480,000  in  1813,  and  to  a total  of  $560,000  before  the 
works  were  finally  transferred  to  the  State.  The  mistake  of  first 

^Tbe  full  authority  for  the  construction  of  the  Erie  and  Champlain  canals 
may  be  found  in  two  acts,  the  tirst  being  chapter  237  of  the  laws  of  1816, 
passed  April  17,  3816;  the  second  being  chapter  262  of  the  laws  of  1817, 
passed  April  15,  1817.  There  is  more  or  less  confusion  of  these  two  dates 
in  early  canal  literature. 
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constructing  wooden  locks  proved  a severe  loss  to  the  company, 
as  all  the  original  locks  at  Little  Falls,  German  Flats,  and  Rome 
rotted  away  in  about  six  years.  The  facilitieis  afforded  by  these 
companies  were  undoubtedly  inadequate  to  the  demands  of  the 
rapidly  growing  western  section,  and  accordingly  an  active  agi- 
tation finally  began  for  some  more  extended  means  of  com- 
munication. 

The  early  work  was,  as  we  have  seen,  entirely  in  the  direction 
of  the  improvement  of  natural  channels,  the  extent  of  artificial 
channels  for  the  whole  route  from  the  Hudson  river  to  Seneca  lake 


being  only  15  miles.  About  1803,  however,  the  project  for  an 
artificial  canal  connecting  Lake  Erie  with  tidewater  in  the  Hud- 
son was  broached  by  Gouverneur  Morris,  whose  name  should  not 
be  overlooked  in  an  account  of  early  canal  history.  In  1803 
Morris  and  Simeon  DeWitt  passed  an  evening  in  Schenectady 
and  in  the  course  of  the  conversation,  as  detailed  by  DeWitt, 
Morris  mentioned  the  project  of  tapping  Lake  Erie  ” and  lead- 
ing its  waters  in  an  artificial  river  directly  across  the  country 
to  the  Hudson  river. 

DeWitt  considered  that  the  intermediate  hills  and  valleys 
would  be  insurmountable  objects,  but  Morris’s  answer  was  that 
the  object  would  justify  labor  and  expense. 

DeWitt  had  then  long  been  Surveyor-General  of  the  State  and 
was  well  acquainted  with  its  topography  to  the  west  bounds  of 
the  military  tract,  but  had  no  special  knowledge  of  the  country 
west  of  the  military  lands,  and  he  naturally  supposed  that  the 
rivers  ran  in  deep  valleys  to  Lake  Ontario  and  between  them 
were  ranges  of  hills.  In  a paper  on  The  Origin  and  History 
of  the  INfeasures  lhat  Led  to  the  ronstruction  of  the  Erie  Canal, 


728 


NEW  YORK  STATE  INIUSEUM 


George  Geddes  states  that  DeWitt  was  a man  of  caiition,  dealing 
in  facts,  and  had  little  or  nothing  of  the  extraordinary  in  his 
nature.  Gouverneur  Morris  was  a man  of  entirely  different 
stamp.  He  had  traveled  in  Europe  and  knew  the  utility  of  canals, 
and  had  long  maintained  the  opinion  that  ships  would  ultimately 
sail  from  London  up  the  Hudson  and  across  country  to  Lake  Erie. 
Mr  Morris  had  expressed  as  early  as  1777  his  views  in  regard  to 
internal  improvements.  At  that  time  he  said : ^^At  no>  distant 
day,  the  waters  of  the  great  western  inland  seas  will,  by  the  aid 
of  man,  break  through  their  barriers  and  mingle  with  those  of 
the  Hudson.” 

In  1800  Mr  ^lorris  stated : One-tenth  of  the  expense  borne 

by  Britain  in  the  last  campaign  would  enable  ships  to  sail  from 
London,  through  the  Hudson  river,  to  Lake  Erie.” 

In  1807  Jesse  Hawley  wrote  a series  of  articles  on  the  subject, 
claiming  that  the  idea  of  an  artificial  channel  first  originated 
with  him,  and  in  1820  Elkanah  Watson  published  a book  for 
the  same  j>urpose.  In  1808  the  Legislature  directed  the  Surveyor- 
General,  Simeon  DeWitt,  to  make  a survey  of  an  artificial  channel 
from  the  Great  Lakes  to  the  Hudson.  This  survey  was  made  by 
James  Geddes,  who  reported  on  January  20,  1809.  In  1810  the 
Legislature  appointed  commissioners  to  prosecute  further  exam- 
inations. This  commission  made  its  first  report  in  March,  1811. 
After  discussing  the  route  as  proposed,  from  the  Hudson  river  to 
Lake  Ontario,  it  recommended  the  inland  route  to  Lake  Erie 
with  a direct  descent  from  Lake  Erie  to  the  Hudson  river.  Follow- 
ing this  report  a bill  was  passed  by  the  Legislature  reapx>ointing 
the  commissioners  of  the  previous  year,  with  the  addition  of 
Robert  R.  Livingston  and  Robert  Fulton,  and  extending  the 
powers  of  the  commissioners  and  adding  to  the  appropriation  for 
its  work.  The  war  of  1812  came  on  and  the  canal  project  was 
temporarily  dropped  until  1810,  when  De  Witt  Clinton  presented 
a memorial  to  the  legislature  from  the  City  of  New  York  urging 
action  toward  the  construction  of  the  canal.  Finally  the  act  of 
A])ril  35,  1817,  was  passed  creating  a permanent  Board  of  Canal 
Commissioners,^  which  entered  at  once  upon  its  duties,  and  pro- 

^Tlie  permanent  Board  of  Canal  Commissioners  of  1817  included  tlie  fol- 
lowing men:  De  Witt  Clinton,  president;  Stephen  Van  Bensselaer,  Samuel 
Young,  Joseph  Ellicott,  and  Myron  Holley,  their  appointment  having  been 
first  authorized  by  the  act  of  April  17,  181G. 
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viding  for  the  construction  of  artificial  navigation  from  Lake  Erie 
to  tidewater  on  the  Hudson  river,  and  also  from  Lake  Champlain 
to  tidewater  on  the  Hudson.  The  dimensions  of  the  proposed 
canals  were  fixed  by  the  commissioners  as  follows:  For  Erie 
canal  a bottom  width  of  28  feet,  surface  width  40  feet,  and  depth 
4 feet,  with  locks  90  feet  long  and  15  feet  wide;  for  Champlain 
canal  a bottom  width  of  20  feet,  surface  width  30  feet,  and  depth 
3 feet,  with  locks  75  feet  long  and  10  feet  wide. 

Ground  was  broken  for  the  Erie  canal  at  Koine,  July  4, 1817,  and 
the  section  from  Utica  to  Seneca  river  completed  October  22, 


1819,  a boat  passing  from  Rome  to  Utica  on  that  day.  Champlain 
canal  was  opened  in  part  for  navigation  November  24,  1819.  The 
route  for  Erie  canal  from  Seneca  river  west  was  also  explored 
in  1819,  and  the  final  location,  from  Seneca  river  to  Rochester, 
made  in  1821.  The  principal  engineers  were  James  Geddes, 
Benjamin  Wright,  and  Canvass  White. 

The  annual  report  of  the  Canal  Commissioners,  dated  January 
31,  1818,  gives  details  of  the  system  adopted  for  the  construction 
of  the  canal.  They  state  that  they  had  decided  to  complete  the 
middle  section  first,  58  miles  of  which  were  put  under  contract 
during  the  year  1817,  this  portion  being  wholly  on  the  summit 
level.  The  whole  labor  performed  in  1817  was  equal  to  the  com- 
pletion of  15  miles.  In  indication  of  the  easy  character  of  the 
work,  the  commissioners  state  that  three  Irishmen  finished  3 rods 
of  canal  in  4 feet  cutting  in  five  and  one-half  days,  and  that  on 
the  58  miles  under  contract  only  half  a mile  required  puddling. 

The  engineer’s  original  estimate  of  the  cost  of  the  middle  sec- 
tion, completed  in  1819,  was  |1,021,851.  The  actual  cost  was 
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11,125,983.  This  in'crease,  as  stated  by  the  commissioners,  was 
due  to  change  of  prism  and  structures. 

While  the  State  canals  were  in  progress  the  Seneca  Lock 
Navigation  Company,  authorized  by  chapter  144  of  the  laws  of 
1813,  had  been  engaged  in  constructing  a canal  between  Seneca 
and  Cayuga  lakes,  including  a series  of  locks  at  Seneca  Falls. 
On  J une  14,  1818,  a loaded  boat  from  Schenectady,  16  tons  burden, 
passed  the  newly  constructed  locks  at  Seneca  Falls.  Along  the  Mo- 
hawk river  the  passage  of  boats  of  this  size  was  effected  through 
the  locks  of  the  Western  Inland  Lock  Navigation  Company,  Erie 
canal  not  being  ojien  for  navigation  at  that  date.  The  locks  at 
Seneca  Falls  cost  |60,000.  The  toll  charged  during  1818  was 
equivalent  to  9 cents  per  ton  per  mile. 

Champlain  canal  was  opened  for  navigation  November  24,  1819, 
from  the  Hudson  at  Fort  Edward  to  Lake  Champlain.  The  esti- 
mated cost  of  this  section  was  |250,000,  but  on  account  of  chang- 
ing its  dimensions  to  the  same  size  as  the  Erie  canal  the  revised 
estimate  amounted  to  |333,000.  The.  canal  was  finally  completed 
from  Lake  Champlain  to  Albany  on  September  10,  1823. 

Work  on  the  Erie  canal  proceeded  during  the  years  from  1820  to 
1825,  in  the  former  year  94  miles  being  in  operation  and  in  the 
latter  363.  It  was  finally  completed  from  Albany  to  Black  Rock 
on  October  26,  1825,  on  which  day  the  first  boat  ascended  the 
Lockport  locks  and  passed  through  the  mountain  ridge  into  Lake 
Erie.  LTninterrupted  navigation  was  thus  obtained  from  that 
lake  to  the  Atlantic  ocean  for  boats  of  an  average  of  about  40 
tons  burden.  The  event  was  made  a gala  day  the  whole  length 
of  the  canal. 

The  construction  of  the  Erie  canal  was  due  to  the  unbounded 
perseverance  and  genius  of  one  man — Governor  De  Witt  Clinton — 
who,  when  one  studies  the  early  history  of  the  Erie  canal,  stands 
forth  as  the  colossal  figure  of  the  enterprise.  Nevertheless  Clin- 
ton does  not  appear  to  have  been  actively  interested  until  about 
1810,  but  his  interest  once  aroused  he  was  easily  the  leading 
figure  of  the  enterprise  until  its  completion  in  1825. 

The  total  expenditure  on  the  Erie  and  Champlain  canals  to  Jan- 
uary 1,  1826,  was  19,474,373.14,  from  which  should  be  deducted 
for  pay  of  engineers  and  commissioners,  the  acquisition  of  water 
rights,  land  damages,  the  construction  of  feeders,  repairs.  Black 
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Eock  harbor,  lowering  Onondaga  outlet^  Salina  and  Onondaga 
side  cutj  Waterford  and  Troy  side  cuts,  Troy  dam,  and  Glens 
Falls  feeder,  the  sum  of  |1,621,274.  Hence  the  actual  cost  of 
construction  of  the  canal  proper  was  |7,853,099,  which,  on  the 
aggregate  length  of  433  miles,  equals  |18,136  per  mile,  or  taking 
into  account  the  various  extensions  enumerated  and  the  engineer- 
ing as  necessary  items  of  expenditure,  the  original  cost  per  mile 
of  the  Erie  and  Champlain  canals  may  be  placed  at  |21,881  per 
mile. 

Between  1825  and  1833  work  was  begun  on  a number  of  lateral 
canals^ — as,  for  instance,  the  Oswego  canal,  begun  in  1826  and 
completed  in  1828;  the  Cayuga  and  Seneca  canal,  begun  in  1827 
and  completed  in  1829;  the  Chemung  canal,  begun  in  1831  and 
completed  in  1832,  and  the  Crooked  Lake  canal,  begun  in  1831  and 
completed  in  1833.  The  total  cost  of  all  the  canals,  including 
interest  on  loans  up  to  March  23,  1833,  v/as  |11,460,066.77. 

Chenango  canal  was  begun  in  1833.  The  total  amount  expended 
on  all  the  canals,  including  original  construction,  extensions, 
maintenance,  repairs,  and  interest  on  loans,  to  the  end  of  1834 
was  113,798,438,  and  the  total  amount  of  tolls  received  from  1820 
to  1834,  inclusive,  was  |10,000,730.97 — that  is  to  say,  at  the  end 
of  ten  years  from  the  original  completion  of  the  Erie  canal  the 
amount  returned  to  the  State  was  nearly  78  per  cent  of  the  total 
cost  to  that  date.  This  fact  is  of  the  greatest  interest  because  it 
indicates  that  from  the  very  beginning  the  New  York  State  canal 
system  was  operated  as  a purely  business  enterprise.  It  is  clear, 
then,  that  in  reality  the  State  of  New  York,  in  constructing  its 
internal  navigation  system,  went  into  the  transportation  business ; 
by  that  statement  it  is  meant  that  the  State  managed  the  affairs  of 
the  canals  precisely  as  a private  company  would  have  managed 
them — 'that  is,  the  State  built  its  canal  system  and  levied  as 
heavy  tolls  as  the  articles  transported  would  stand. 

By  way  of  illustrating  how  thoroughly  the  State  was  in  'the 
transportation  business  and  on  exactly  the  same  basis  as  trans- 
portation companies,  it  may  be  cited  that  in  1830  the  Legislature 
sent  a communication  to  the  Commissioners  of  the  Canal  Fund 
asking  if  it  were  not  possible  to  increase  the  rate  of  toll  on  many 
of  the  articles  transported,  and  stating  that  it  seemed  necessary, 
in  order  to  meet  all  the  interests  involved,  that  the  canals  yield 
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somewhat  greater  revenue.  The  commissioners  replied  to  this 
communication  at  length,  giving  in  detail  the  amount  of  toll  levied 
on  different  articles  transported,  and  finally  concluded  with  the 
statement  that  it  would  be  impossible  to  increase  the  toll 
materially,  because  the  articles  transported  were  at  that  time 
taxed  all  they  would  stand.  If  the  rate  of  toll  were  made 
materially  greater,  many  articles  would  not  be  transported  on  the 
canals,  but  Avould  go  by  other  channels,  as  by  the  St  Lawrence 
river  and  by  the  Great  Lakes.  The  State  would  thus  lose  the 
benefit  derived  from  carrying  them. 

About  1833  to  1835  railroads  began  to  attract  attention  as 
means  of  transportation,  and  in  1835  John  B.  Jervis,  Holmes 
Hutchinson,  and  Frederick  C.  Mills,  the  principal  canal  engineers 
of  that  day,  were  instructed  to  report  on  the  relative  cost  of 
transportation  on  canals  and  railroads.  In  an  introduction  to 
their  report  by  William  C.  Bouck  and  Michael  Hoffman,  Canal 
Commissioners,  it  is  stated  that  it  will  not  be  difficult  to  show 
that  the  expense  of  transportation  on  railroads  is  materially 
greater  than  on  canals.  But  in  addition  to  this  there  were  other 
important  considerations  in  favor  of  canals  : 

1)  A canal  may  be  compared  to  a common  highway  on  which 
every  man  can  be  the  carrier  of  his  own  property,  therefore 
creating  the  most  active  competition,  and  thus  inducing  the 
expense  of  transportation  to  the  lowest  rates.  The  farmer,  mer- 
chant, and  manufacturer  can  avail  themselves  of  the  advantages 
of  carrying  their  own  product  to  market  in  a manner  best  com- 
porting with  the  interest  of  each  individual. 

2)  Much  of  the  property  carried  on  the  canals  is  carried  by 
transportation  companies,  although  the  largest  portion  is  carried 
by  individuals  and  small  associations.  The  individual  who  be- 
comes the  carrier  of  his  own  product  has  the  advantage  of  paying 
nearly  one-half  of  all  the  expense  of  transportation  in  the  regular 
course  of  his  business,  and  the  cash  disbursements  do  not  often 
much  exceed  the  payment  of  the  tolls.  To  the  farmer  the  profits 
on  return  freight,  in  many  instances,  give  a full  indemnity  for 
the  expense  of  taking  his  cargo  to  market.  On  railroads,  on  the 
other  hand,  the  proprietors  must  necessarily  be  the  carriers. 

A fixed  popular  belief  in  the  two  principles  laid  down  by 
Messrs.  Bouck  and  Hoffman  in  their  introduction  to  the  Irans- 


HYDROLOGY  OF  NFW  YORK 


7a3 

portatioii  report  of  1835  lias  been  the  cause  of  a great  deal  of 
mistaken  policy  in  the  State  of  New  York.  Nearly  every  year 
since  the  beginning  of  the  railway  era  the  newspapers  of  the 
State  have  teemed  with  the  statement  that  the  State  must  neces- 
sarily maintain  the  canal  system  in  order  to  clieck  the  exorbitant 
tariff  demands  of  competing  railways.  As  we  have  seen,  in  1830, 
just  before  the  beginning  of  the  railway  era,  the  State  was  taxing 
every  article  transported  upon  the  canals  all  that  it  would  stand, 
and  the  sj  stem  of  excessive  State  tariffs  Avas  continued  until  a feAV 
years  later,  when  the  competition  of  the  railways  forced  a reduc 
tion  in  the  tariff  for  transportation  on  the  canal. 

Growth  and  decline  of  canal  transportation.  A number  of  re- 
ports bearing  on  transportation  questions  were  submitted  in  1835, 
and  finally  the  fixed  policy  Avas  adopted  of  enlarging  the  Erie  canal, 
the  act  authorizing  what  is  knoAvn  as  the  Erie  canal  enlargemenl 
being  passed  in  that  year.  The  law  authorizing  the  enlargement 
directed  the  construction  of  double  locks  and  a prism  Avith  a 
Avidth  at  Avater  surface  of  70  feet,  and  a depth  of  7 feet,  the  locks 
to  be  110  feet  long  and  18  feet  Avide.  It  was  estimated  that  an 
enlargement  to  this  extent  would  save  50  per  cent  in  cost  of 
transportation,  exclusiA'^e  of  tolls.  The  enlargement  to  this 
standard  width  and  depth  Avas  begun  in  1836  and  continued  io 
1842,  when  the  Legislature  directed  the  suspension  of  expenditures. 
In  1847  the  work  of  enlargement  Avas  resumed,  and  substantially 
completed  in  1862.  Since  that  time  to  the  AAmrk  done  under 
authority  of  chapter  79  of  the  hiAvs  of  1895  there  had  been 
no  change  in  the  standard  of  width  at  Avater  line  of  70  feet 
and  depth  of  7 feet.  As  an  interesting  fact  it  may  be  pointed 
out  that  while  the  enlargement  authorized  in  1835  led  to  a vast 
increase  in  the  transportation  business  on  the  State  canals,  the 
cost  of  transportation  gradually  decreased,  one  chief  cause  of 
such  decrease  being  the  competition  of  railways,  until  in  1883  the 
competition  from  this  source  became  too  sharp  to  maintain 
longer  transportation  on  the  canals  if  any  toll  at  all  Avere  charged. 
The  canals  were  then  made  free  by  legislatiAn  enactment. 

The  popular  notion,  formerly  prevalent  in  New  York,  that  it 
has  been  necessary  to  maintain  the  State  canals  in  order  to  regu- 
late the  railAvays,  is  seen  to  be  far  from  true.  The  railways  haAn 
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regulated  the  canals  qiiile  as  iiiiieli  or  more  than  the  canals  have 
regulated  the  railways.  Indeed,  the  railways  must  be  considered 
as  having  the  better  of  it,  because  the  State  has  been  obliged 
absolutely  to  do  away  with  all  tolls  on  the  canals  in  order  to 
insure  their  obtaining  business  at  all. 

In  illustration  of  the  value  of  the  water  resources  afforded  by 
the  (treat  Lakes  in  conjunction  with  the  New  York  State  internal 
navigation  system,  the  following  statement  of  receipts  of  flour, 
wheat,  corn,  oats,  barley,  and  rye  at  Luffalo  for  certain  years, 
from  183G  to  1903,  inclusive,  is  given. 


Table  no.  92 — Number  of  bushels  of  grain  carried  by  Erie  canal  from 

183G  TO  1903 


YEAR 

Flour 

Wheat 

Corn 

Oats 

Barley 

Bye 

(1) 

(2)  . 

(3) 

(4) 

(5) 

(6) 

(L 

Barrels 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

1836. . . . 

139,178 

304,990 

204,355 

28,640 

4,876 

1,500 

1840. . . . 

597,142 

1,004,561 

71,337 

1845. . . . 

746,750 

1,770,740 

54,200 

23,300 

1850. . . . 

1,103,039 

3,681,347 

2,593,378 

357,580 

3,627 

1855.... 

937,761 

i 8,022,126 

9,711,430 

2,693,222 

62,304 

299,591 

I860..., 

1,122,335 

1 18,502,615 

386,217 

1,209,594 

262,158 

80,822 

1865. . . . 

],788,393 

13,437,888 

19,840,901 

8,494,799 

820,563 

877,676 

1870. . . . 

1,470,391 

20,556,722 

9,410,128 

6,846,983 

1,821,154 

626,154 

1875. ... 

1,810,402 

32,987,656 

22,593,891 

8,494,124 

916,889 

222,126 

1880. . . . 

1,317,911 

40,510,229 

62,214,417 

649,351 

335,925 

743,451 

1885.... 

2,993,280 

27,130,400 

21,028,230 

767,580 

577,230 

309,370 

1890. . . . 

6,245,580 

14,868,630 

44,136,660 

13,860,780 

5,165,700 

1,281,030 

1895  ... 

8,971,740 

46,848,510 

38,244,960 

21,943,680 

10,253,440 

787,340 

1896. . . . 

10,384,184 

54,411,207 

47,811,010 

40,107,499 

16,697,744 

4,404,354 

1897.... 

12,440,617 

56,565,610 

56,932,625 

64,140,618 

14,548,100 

7,213,650 

1898. . . . 

10,371,653 

83,872,837 

67*950,073 

45,501,233 

11,391,332 

6,821,694 

1899.... i 

9,088,873 

48,008,014 

53,843,327 

26,469,401 

15,110,672 

2,260,865 

1900.... 

11,463,079 

47,826,458 

63,192,660 

28,422,256 

9,868,196 

1,314,743 

1901. . . . 

11,053,439 

61,294,248 

30,539,848 

21,438,545 

7,687,239 

1,256,284 

1902.... 

12,026,616 

62,452,696 

22,487,454 

15,891,387 

8,969,865 

3,716,628 

1903. . . . 

11,243,027 

40,455,328 

43,364,579 

30,976,088 

10,681,655 

3,216,983 

A comparison  of  the  statistics  of  railrohd  and  canal  traffic 
shows  at  once  the  vast  preponderance  of  freight  carried  I)V  the 
several  railways  centering  at  New  Y^ork  in  comparison  with  that 
carried  by  Erie  canal.  In  spite  of  the  fact  that  the  canal  was 
made  free  in  1883,  figures  indicate  that  since  that  time  there  has 
been  a continual  decrease  in  the  amount  of  freight  carried  on  the 
canals.  Probably  no  feature  of  this  change  is  more  significant 
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tliau  that  of  the  internal  movement  in  New  York  State.  In  1889 
the  total  movement  within  the  State  was  1,438,759  tons,  while  in 
1899  it  Avas  only  595,482  tons.  These  statistics  show  at  once  the 
decreasing  estimation  in  AAdiich  the  Erie  canal  as  a means  of  trans- 
portation is  held  by  the  great  body  of  shippers  in  the  State  of 
New  York. 

The  following  tabulation  from  the  Report  of  the  Buffalo 
Chamber  of  Commerce  shows  the  receipts  of  grain,  in  bushels, 
at  New  York  by  canal,  rail,  river  and  coast  routes  during  the 
season  of  navigation  of  1903,  compared  with  ten  previous  3^ears: 


Receipts  by  routes,  May  1 to  December  1,  1903 


By  canal, 
bushels 

By  rail, 
bushels 

River  and 
coast, 
bushels 

Total 

bushels 

. (1) 

(3) 

(3) 

(4) 

(5) 

Wheat 

2. 602. 400 

5.910.400 

10,597,300 

11,845,050 

13, 199,  700 
17,  757, 750 

Corn 

2,300 

Oats 

3, 490, 900 
349, 600 
368, 800 
147, 500 

13, 857, 000 
1,132,875 
618,150 
1,840,500 
202, 228 

17,347,900 
1,482,475 
986, 950 
1,988,000 
246, 204 

Barley 

Rye 

Malt 

Peas 

43, 976 

1903,  total  grain 

12, 869, 600 

40, 093, 103 

46, 276 

53, 008, 979 

Per  cent 

24.28 

75.63 

0.09 

100 

1902,  total 

11,509,050 

43, 093, 569 

13, 804 

54, 616,423 

Per  cent 

21.07 

78.90 

0.03 

100 

1901,  total  

14, 350, 600 

52, 577, 750 

602, 300 

67, 530, 650 

Per  cent 

21.25 

77.85 

0.89 

100 

1900,  total 

11,351,100 

72, 033, 225 

2,454,115 

85, 838, 440 

Per  cent 

13.22 

83.92 

2.86 

100 

1899,  total  

16, 299, 400 

89, 688, 623 

7,630 

105, 995, 655 

Per  cent 

15.38 

84.61 

0.01 

100 

1898,  total 

18, 686, 000 

88,809,259 

18,243 

107, 514, 393 

Per  cent 

17.38 

82.60 

0.04 

100 

1897,  total  

20, 934, 400 

97, 078, 000 

41,456 

118,053,856 

Per  cent 

17.73 

82.23 

0.04 

100 

1896,  total 

31,404,  650 

62,314,800 

224. 172 

93, 943, 622 

Per  cent 

33.43 

66.33 

0.24 

100 

1895,  total  

14,612,700 

54, 289, 835 

63,831 

68, 966, 366 

Per  cent 

21.13 

81.33 

0.92 

100 

1894,  total  

42, 608. 700 

19,  772, 42(7 

166,320 

62,547,440 

Per  cent 

68.12 

31 . 61 

0.27 

100 
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By  way  of  illustratiug  the  growth  and  decline  of  the  business 
of  the  XeAv  York  State  canals  from  about  1835-3G  to  the  present 
time,  the  following  statement  of  the  total  tonnage  of  all  freight 
on  the  canals,  ascending  and  descending,  and  the  value  of  the 
same  for  certain  years  from  1837  to  1902,  inclusive,  is  presented: 

Taule  no.  93 — Total  tonnage  and  value  of  canal  freight,  1837 

TO  1902 


Tons  'N'ahio 

18:J7 1,171, 29G  |55, 809,288 

1810 1,416,040  G6,303,892 

1845  1,977,565  100,629,859 

1850  3,070,617  156,397,929 

1855  4,022,617  204,390,147 

I860  4,650,214  170,849,198 

1865  4,729,654  256,237,104 

1870  6,173,769  231,836,176 

1875  4,859,958  145,008,575 

1880  6,457,656  247,844,790 

1885  4,731,784  119,536,189 

1890  5,246,102  145,761,086 

1895  3,500,314  97,453,021 

1896  3,714,894  100,039,578 

1897  3,617,804  96,063,338 

1898  3,360,063  88,122,35 1 

1899  3,686,051  92,786,712 

1900  3,345,941  84,123,772 

1901  3,420,613  83,478,880 

1902  3,274,610  81,708,453 


IN'ithout  analyzing  the  hgures  in  detail,  it  is  sufficient  to  point 
out  that  if  it  is  true,  as  po]mlarly  su])];os(m1,  lhat  the  Krie  canal 
ought  to  be  maintained  as  a medium  of  competition  with  the 
railways,  the  figures  derived  from  the  annual  statements  of  the 
chief  competitor  of  the  Erie  canal  must  be  taken  as  conclusive  that 
the  competition  has,  on  the  whole,  been  a failure.  The  railway, 
developed  as  a private  enterprise,  has  not  only  been  able  to  carry 
freight  as  cheaply  as  the  canal,  but  has  been  able  to  charge  for 
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the  same  and  do  the  work  at  a profit.  In  the  year  ending  June 
JO,  1897,  the  New  York  Central  & Hudson  lliver  liailway  Com- 
pany paid  a dividend  on  its  stock  of  |4, 000, 000,  besides  carrying 
151,866.80  to  the  surplus  account,  whereas  the  canal,  although  all 
tolls  were  removed  in  1883,  has  still  been  unable  to  compete. 
Among  the  chief  reasons  for  this  result,  lack  of  organization  of 
canal  transportation  must  be  placed  first.  The  perpetuation  of 
the  idea  that  one  advantage  of  the  canals  was  that  they  were 
common  highways  on  which  each  man  could  carry  his  own 
products  to  market  has  tended  largely  to  produce  this  unsatis- 
factory result.  Thus  far  there  has  never  been  any  systematic 
organization  for  obtaining  business  for  the  canal.  The  boats  are 
owned  by  small  proprietors,  each  operating  from  one  to  three  or 
four  boats.  When  cargoes  in  hand  are  discharged  at  either 
terminus,  each  owner  solicits  another  cargo.  The  results  are 
delays,  half  cargoes,  and  consequent  loss.  During  the  last  few 
years  it  has  been  only  by  the  most  rigid  economy  that  the  Erie 
canal  boatmen  could  live.  On  the  other  hand,  the  business  of 
soliciting  freight  for  the  raihvays  is  compactly  organized  and 
every  possible  advantage  taken  of  the  situation. 

However  unsatisfactory  it  may  seem  to  the  individual  boat- 
man, the  future  of  effective  transportation  on  the  Erie  canal  de- 
pends on  the  organization  of  large  transportation  companies 
which  conduct  the  business  of  carrying  freight  by  canal  on  the 
same  business  basis  as  adopted  by  railways.  - As  to  the  equity  of 
the  State  furnishing  and  maintaining  a waterway  on  which 
transportation  may  be  conducted  by  such  corporations  at  a profit 
the  writer  expresses  no  opinion  further  than  to  point  out  that 
the  official  discussion  of  such  a proposition  by  the  State  Engineer 
and  Surveyor  in  his  annual  report  for  the  year  ending  September 
30,  1896,  may  be  taken  to  indicate  that  the  day  of  (he  Erie  canal  as 
a State  waterway  has  passed. 

Cost  and  revenues  of  the  Neio  York  State  canal  system.  Table 
no.  94  exhibits  the  total  cost  of  construction,  maintenance  and 
operation,  and  the  total  revenues  from  all  sources  of  the  several 
canals  of  New  York  from  their  original  inception  to  September 
30,  1892 : 
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Table  no.  94 — First  cost  and  revenues  from  the  New  York  state  canals 


CANALS 

Cost  of 
construc- 
tion 

Cost  of 
mainte- 
nance and 
operation 

Total 

cost 

Revenue 
from  all 
sources 

Loss 

Gain 

(1) 

Erie  and  Champlain 

Oswego 

Ca.Yuga  and  Seneca 

Black  river 

Oneida  river  improvement 

Oneida  lake 

Baldwinsville  (so  called) . . 
Seneca  river  towing  path. 

Caj’uga  inlet 

Crooked  lake (abandoned) 
Chenango  (abandoned).,. 

Chemung  (abandoned) 

Genesee val.  (abandoned). 

Total 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

$57,688,676 
4,643.921 
1, 886, 663 
4,077.882 
233,962 
513, 439 
31,000 
1,602 
2,020 
395,092 
4. 807,952 
1,512,041 
6, 741,839 

$41, 582, 759 
3, 736,676 
1,157,754 
2,082,251 
41, 236 
144, 060 
18,039 
20 
948 
424,658 
2, 105,217 
2,022,259 
2. 814, 809 

$99, 271,435 
8,380,597 
3,044, 416 
6, 160, 133 
275, 198 
657, 499 
49,039 
1,622 
2, 968 
819,750 
6, 913,169 
3,534,300 
9,556,648 

$128,191,068 
3,715,567 
1,055,016 
305, 663 
214, 428 
65, 180 
1,261 
7,782 
7,534 
45, 490 
744, 027 
525, 565 
860,165 

$4,66,5,030 
1,989, 4(X) 
5, 8,54. 470 
60, 770 
592,319 
47, 778 

i 

774, 260 
6,169, 142 
3.008,735 
8, 696, 483 

$28,919,633 

6,160 
4, 566 

$82,536,088 

$56, 130,686 

$138,666,774 

$135,738,746  $31,858,387 

$28,930,359 

The  total  cost  of  Crooked  lake,  Chenango,  Chemnng  and  Gene- 
see Valley  canals,  which  were  abandoned  under  the  provisions  of 
the  law  of  1877,  was  |20,823,867,  and  the  total  revenue  from  all 
sources  |2,175,247.  The  total  loss  on  the  abandoned  canals  was 
therefore  |18,648,620.  The  following  is  the  complete  financial 
exhibit  of  all  canals  from  their  inception  tO'  September  30,  1892 : 
Total  loss  on  abandoned  canals,  |18,648,G20;  net  gain  on  canals 
now  in  operation,  |15,720,592;  loss  on  the  whole  system, 
12,928,028. 

Improvement  of  Erie  ccmal.  The  canal  improvement  of  1895 
was  formulated  by  State  Engineer  and  Surveyor  Horatio  <Seyinour 
jr.,  in  1878.  In  his  annual  report  for  tliat  year  Mr  Seymour  dis- 
cusses extensively  transportation  questions  as  related  to  the  Erie 
canal,  pointing  out  that  transportation  can  be  cheapened  in  two 
ways — by  increasing  the  tonnage  of  boats  or  by  increasing  their 
speed.  As  to  increasing  the  tonnage  of  boats,  he  states  that  two 
methods  may  be  used — the  locks  may  be  lengthened  or  the  depth 
of  water  may  be  increased.  The  width  of  the  canal,  Mr  Seymour 
states,  is  substantially  what  it  should  be,  but  it  lacks  the  neces- 
sary depth  in  order  to  conform  to  the  law  of  relation  of  cross 
section  of  water  to  immerged  section  of  boat,  as  determined  by 
Mr  Sweet.  Keports  were  submitted  showing  that  an  additional 
deptii  of  one  foot  could  be  obtained  for  about  |1,100,000. 
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The  matter  of  making  the  improvement,  however,  remained  in 
abeyance  until  the  passage  of  an  act  in  1895,  which  provided  for 
submitting  to  the  people  at  the  State  election  in  November  of 
that  year  the  question  as  to  whether  an  improvement  by  deepen- 
ing two  feet  should  be  undertaken  at  an  expense  of  19,000,000. 
Section  3 of  chapter  79  of  the  laws  of  1895  reads  as  follows: 

Within  three  months  after  issuing  of  the  said  bonds  the  Super- 
intendent of  Public  Works  is  hereby  directed  to  proceed  to  en- 
large and  improve  the  Erie  canal,  the  Champlain  canal,  and  the 
Oswego  canal;  the  said  improvement  to  the  Erie  and  Oswego 
canals  shall  consist  of  deepening  the  same  to  a depth  of  not  less 
than  9 feet  of  water,  except  over  and  across  aqueducts,  miter  sills, 


Fig.  48  Lock  recommended  by  Canal  Committee  for  Barge  canal. 


culverts,  and  other  permanent  structures,  where  the  depth  of 
water  shall  be  at  least  8 feet,  but  the  deepening  may  be  performed 
'by  raising  the  banks  wherever  the  same  may  be  practicable;  also 
the  lengthening  or  improving  of  the  locks  which  now  remain  to 
be  lengthened,  and  providing  the  necessary  machinery  for  drawing 
boats  into  the  improved  locks,  and  for  building  vertical  stone 
walls,  where,  in  the  opinion  of  the  State  Engineer  and  Surveyor 
and  Superintendent  of  Public  Works,  it  may  be  necessary.  The  im- 
provement upon  the  Champlain  canal  shall  consist  in  deepening 
the  said  canal  to  7 feet  of  water,  and  the  building  of  such  vertical 
stone  walls  as,  in  the  opinion  of  the  State  Engineer  and  Surveyor 
and  Superintendent  of  Public  Works,  may  be  necessary. 

The  necessary  preliminary  work  was  so  far  completed  that  bids 
for  constructing  the  improvement  were  called  for  in  October, 
1896,  and  shortly  thereafter  contracts  for  work  amounting  to 
about  14,000,000  were  awarded.  The  canal  was  closed  December 
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1,  1896,  and  soon  after  work  was  begun  and  continued  until 
Ma^^  5,  1897,  when  navigation  was  opened  for  the  season  of  1897, 
and  all  contractors  not  working  with  dredges  discontinued 
operations  until  the  winter  of  1897-98.  The  act  authorizing  tlie 
1895  improvement  provided  that  the  deepening  of  the  canal  prism 
might  be  accomplished  either  by  excavation  or  by  raising  the  side 
walls.  Sometimes  one  method  and  sometimes  the  other  has  been 
followed,  depending  upon  the  conditions  of  each  level.  Usually 
a part  of  the  increased  depth  has  been  obtained  by  raising  the 
side  walls,  with  the  balance  secured  by  excavation. 

As  is  indicated  in  the  extract  from  the  act  authorizing  the 


improvement,  the  work  included  the  lengthening  of  such  locks  as 


had  not  been  previously  lengthened.  The  original  locks  of  the 
enlargement  of  1836  to  1862  were  110  feet  long  by  18  feet  wide. 
In  1885  work  was  begun  lengthening  these  locks  to  220  feet,  or 
about  210  feet  in  the  clear,  thus  permitting  two  boats  to  pass  ' 
through  at  one  lockage.  Up  to  1895,  42  of  the  72  original  locks 
had  been  lengthened.  The  30  locks  remaining  to  be  dealt  with 
were  mostly  bunched  in  groups  or  flights,  as,  for  instance,  at 
Cohoes,  where  16  locks  effect  a change  of  level  of  140  feet,  and 
at  Lockport,  where  5 locks  effect  a change  of  58  feet.  In  order 
to  lengthen  locks  built  in  flights  it  would  be  necessary  to  entirely 
reconstruct  them,  and  as  the  restricted  space,  specially  at  Lock- 
port,  would  render  this  a very  difficult  thing  to  do  in  one  winter 
season,  it  was  therefore  proposed  to  construct  at  Cohoes  and 
Lockport,  and  possibly  at  Newark,  vertical  lift  locks  to  take  the 
place  of  the  ordinary  locks  in  use  at  these  places.  The  State 
Engineer  and  Surveyor  completed  the  plans  for  the  proposed 
lift  lock  at  Lockport,  which  was  so  located  as  not  to  interfere 
with  the  use  of  the  locks  now  in  place  there  during  its  construc- 
tion. 

It  was  announced  late  in  1897  that  the  $9,000,000  appro- 
priated would  fall  about  |7, 000, 000  short  of  completing  the  work 
of  deepening  and  lengthening  on  the  lines  thus  far  carried  out.^ 


■ .For  engineering"^other  the  canal  improvement  ot  1895  ^ 

Eng  News,  Vol.  XXXVIII  (Sept.  2,  10,  and  23,  1890-  See  also  Meet  of 
Depth  upon  Artificial  Waterways,  by  Thomas  C.  Clark:  Trans.  Am_  Soa 
Civil  Eng  Vol  XXXV,  pp.  1-40.  Also  Eng.  News,  January  G,  1898,  for 
discussion ’of  the  question.  What  Shall  New  York  Do  with  Its  Canals? 
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This  announcement  was  followed  by  great  excitement  through- 
out New  York  State.  Investigation  showed  that  aside  from  the 
estimates  made  by  commercial  bodies,  no  estimate  had  ever  been 
made  as  to  the  cost  of  the  improvement,  and  that  the  commercial 
bodies  making  these  estimates  had  not  taken  into  account  very 
many  important  items.  Charges  of  criminal  fraud  were  made 
against  the  State  Engineer,  Campbell  W.  Adams,  as  well  as 
against  George  W.  Aldridge,  Superintendent  of  Public  Works. 
The  popular  clamor  was  so  great  that  the  Legislature  authorized 
the  appointment  of  a commission  to  investigate  and  report  in 
relation  to  the  work  done  in  enlarging  and  improving  Erie,  Cham- 
plain and  Oswego  canals,  pursuant  to  chapter  79  of  the  laws  of 
1895  and  the  referendum. 

The  Canal  Investigating  Commission  of  1898.  The  commis- 
sioners appointed  under  this  act  were  George  Clinton,  Franklin 
Edson,  Smith  M.  Weed,  Darwin  R.  James,  Frank  Brainard,  A.  F. 
Higgins  and  William  McEchron,  who  reported  to  the  Governor 
under  date  of  July  30,  1898.  Edward  P.  North  was  consulting 
engineer  to  this  commission  and  Lyman  E.  Cooley  advisory 
engineer. 

The  commissioners  considered  there  had  been  abuses,  but  that 
there  was  nothing  criminal  on  the  part  of  anybody.  Governor 
Black  referred  the  evidence  thken  before  this  commission  and 
its  conclusions  to  E.  Countryman  for  an  opinion  as  to  whether 
there  was  an  opportunity  for  criminal  prosecution  against  either 
the  State  Engineer  or  the  Superintendent  of  Public  Works,  or 
the  employees  of  their  departments.  Mr  Countryman  reported 
to  the  Governor  and  Attorney-General  under  date  of  November 
28,  1898,  to  the  effect  that  several  criminal  prosecutions  could 
be  brought. 

September  12,  1898,  Campbell  W.  Adams,  in  his  annual  report, 
submitted  a protest  addressed  to  Governor  Black  in  which  he 
showed  that  at  any  rate  there  were  two  sides  to  the  question  of 
negligence,  and  under  date  of  August  13,  1898,  George  W. 
Aldridge  submitted  a similar  statement,  likewise  addressed  to 
the  Governor.  In  this  statement  there  are  some  valuable  figures 
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as  to  the  actual  cost  of  improvements  of  a nature  similar  to  that 
authorized  by  chapter  79  of  the  laws  of  1895.  They  are  as  follows  : 


Erie  canal,  original  estimate |4, 926, 738  00 

Actual  cost 7,143,789  00 

Erie  canal,  enlargement  estimate 23,402,863  00 

Actual  cost 32,008,851  00 

Oswego  canal,  estimates 227,000  00 

Actual  cost 565,437  00 

Oswego  canal,  enlargement  estimate 1,926,339  00 

Actual  cost 2,511,992  00 

Champlain  canal,  engineers’  estimates 871,000  00 

Actual  cost 1,746,062  00 

Black  river,  engineers’  estimates 1,068,437  00 

Actual  cost 3,157,296  00 

Hoosic  tunnel,  engineers’  estimates 1,948,557  00 

Actual  cost 20,241,842  31 

Manchester  ship  canal,  engineers’  estimates 26,000,000  00 

Actual  cost 67,351,105  00 

Chicago  drainage  canal,  engineers’  estimates 12,000,000  00 

Already  expended  (1898) 27,303,216  00 

Estimate  to  complete 10,358,436  94 

Hudson  river  improvement,  original  estimate. 

United  States  army  engineers , 2,000,000  00 

Estimate  to  complete  after  |2,000,000  had  been 

expended  2,600,000  00 

State  capitol,  Albany,  estimate 4,000,000  00 

State  ca})ital,  Albany,  cost 24,000,000  00 


Theodore  Boosevelt  succeeded  Frank  S,  Black  as  Governor 
January  1,  1899,  and  ou  January  25th  of  that  year  he  appointed 
Austin  G.  Fox  and  Wallace  McFarlane  as  special  counsel  to 
assist  the  Attorney-General  in  the  prosecution  and  trial  of  any 
criminal  proceedings  which  should  be  instituted  against  Camp- 
bell W.  Adams  or  George  W.  Aldridge,  or  against  any  other 
person  concerned,  as  a result  of  the  Canal  Investigating  Commis- 
sion, appointed  under  chapter  15  of  the  laws  of  1898.  The 
documents  furnished  to  Messrs  Fox  and  McFarlane  were  copies 
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of  the  testimony  taken  before  the  commission  in  1898,  together 
with  their  report  and  with  the  report  of  E.  Countryman  to 
Governor  Black,  as  well  as  the  statements  of  Messrs  Adams  and 
Aldridge.  Also  the  report  of  the  consulting  and  advisory  engi- 
neers and  the  large  number  of  documents  relating  to  the  matters 
which  had  been  made  the  subject  of  the  inquiry. 

The  instructions  were  to  examine  this  testimony,  reports  and 
documents  and  to  make  such  further  examinations  as  might  be 
deemed  advisable  in  order  to  determine  whether  or  not  the  evi- 
dence Avarranted  the  institution  of  criminal  proceedings,  and  in 
case  it  Avas  decided  to  institute  such  proceedings,  to  take  charge 
of  the  preparation  and  prosecution  of  them  under  the  general 
direction  of  the  Attorney-General. 

In  their  report  Messrs  Fox  and  McFarlane  say  they  have 
decided  not  to  institute  criminal  proceedings,  the  evidence  on 
the  whole  not  justifying  such  action,  an  opinion  directly"  opposed 
to  that  of  Mr  Countryman  submitted  a few  months  before. 

On  receipt  of  this  report  the  whole  matter  was  dropped  and 
most  of  the  people  of  the  State  liardlj^  remember  in  1904  that 
such  an  investigation  Avas  held.^ 

The  Neto  York  Commerce  Commission.  It  has  been  shown  in 
tlie  preceding  pages  that  the  commerce  of  New  York  has  been 
relatively  declining  for  a number  of  years.  This  decline  is  largely 
from  natural  causes  which  it  would  be  A^ery  difficult  to  prevent, 
although  the  aucav  is  quite  general  throughout  New  York  that 
the  State’s  failure  to  keep  the  canals  in  a state  of  efficiency  has 

^The  following  reports  are  referred  to  in  the  preceding:  (1)  Report  of 
the  Canal  Investigating  Commission,  appointed  by  the  Governor  pursuant 
to  chapter  15  of  the  laws  of  1898  and  amended  by  chapter  327  of  the  laws 
of  1898,  transmitted  to  the  legislature  February  28,  1899;  (2)  Report  of 
the  special  counsel,  E.  Countryman,  designated  to  examine  the  report  and 
testimony  transmitted  to  the  Governor  by  the  Canal  Investigating  Commis- 
sion; (3)  Protest  and  Defense  of  Campbell  W.  Adams,  State  Engineer  and 
Surveyor,  to  Frank  S.  Black,  Governor,  in  Ap.  No.  1,  in  An.  Kept  of  State 
Engr.  for  the  year  1898,  p.  277-364,  inclusive;  (4)  Statement  made  in 
reply  to  criticisms  passed  by  the  Canal  Investigating  Commission  upon  the 
Department  of  Public  Works  in  connection  with  the  improvement  of  the 
canals  under  the  $9,000,000  improvement  fund,  by  the  Superintendent  of 
Public  Works,  George  W.  Aldridge;  (5)  Report  of  counsel,  Austin  G.  Fox 
and  Wallace  McFarlane,  appointed  by  the  Governor  to  prosecute  certain 
State  officials  for  alleged  criminal  practices  in  carrying  out  the  canal  im- 
provement under  chapter  79  of  the  laws  of  1895  and  794,  laws  of  1896. 
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been  the  chief  cause  of  the  decline.  Indeed,  in  summing  up  the 
whole  matter,  the  Canal  Improvement  Committee  of  1903  states 
that  year  after  year  the  port  of  New  York  has  been  steadily 
losing  its  proper  share  of  the  export  and  imi>ort  traffic  of  the 
country,  and  this  committee  further  states  that  New  York’s 
growth  in  manufacturing  and  industrial  enterprises  has  not 
kept  pace  with  sister  states  in  proportion  to  natural  advantages. 

In  regard  to  this  latter  proposition,  the  statistics  cited  on  the 
preceding  pages  of  this  report  show  that  irrational  and  non-pro- 
gi'essive  laws  are  the  chief  causes  of  the  failure  of  New  York  State 
to  increase  in  manufacturing  and  industrial  enterprises  in  the 
same  ratio  as  sister  states.  Moreover,  the  proposition  that  the 
foreign  commerce  of  New  York  is  falling  away  may  also  be  open 
to  question,  and  the  following  from  the  Report  of  the  Bureau  of 
Statistics  for  1903  may  serve  to  show  the  contrary.  In  the  fiscal 
year  ended  June  30,  1903,  exports  from  New  York  amounted  to 
1505,000,000,  an  increase  of  |158,000,000  over  1893.  A compari- 
son of  seven  Atlantic  and  Gulf  seaports  stands  as  follows: 


Exports  in  ]S9o  Exi)orts  in  1903  Iiicreuse 

New  York |347, 000,000  |505,000,000  |158,000,000 

Boston 85,000,000  88,000,000  3,000,000 

Philadelphia 49,000,000  73,000,000  24,000,000 

Baltimore  71,000,000  81,000,000'  10,000,000 

Savannah 20,000,000  54,000,000  34,000,000 

New  Orleans 77,000,000  149,000,000  72,000,000 

Galveston  37,000,000  104,000,000  67,000,000 


In  regard  to  the  increase  of  the  two  southern  ports.  New 
Orleans  and  Galveston,  it  is  very  largely  due  to  the  high  price  of 
cotton  in  1903.  It  is  evident  that  this  staple,  which  is  exten- 
sively grown  in  Texas  and  Louisiana,  will  naturally  go  to  nearby 
ports  and  will  not  in  any  case  come  to  New  York. 

Moreover,  New  York  is  ahead  in- imports.  In  1903  her  trade 
amounted  to  |618,000,000,  while  the  imports  at  all  the  other 
Atlantic  ports  combined  was.  only  |203,000,000,  an  excess  at 
New  York  of  |415,000,000  over  all  the  other  ports. 

This  matter  of  the  decline  of  New  York’s  commerce  having 
become  the  subject  of  considerable  discussion,  the  Legislature 
passed  an  act,  chapter  644  of  the  laws  of  1898,  authorizing  the 
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appointment  of  a commission  to  consider  the  whole  question. 
The  report  of  this  commission,  which  is  known  as  the  New  York 
Commerce  Commission,  Avas  transmitted  to  the  Legislature  Jan- 
uary 25,  1900,  by  Governor  Roosevelt.  In  his  letter  accompany- 
ing the  report  he  states  that  the  thanks  of  the  State  are  due  to 
the  commission  for  the  marked  ability  and  untiring  industry 
shown  throughout  their  labors. 

The  New  York  Commerce  Commission  was  appointed  to  con- 
sider the  whole  problem  of  New  York’s  loss  of  commerce,  in- 
quiring into  the  causes  and  seeking  to  discover  remedies.  In 
their  report  they  state  that  the  main  cause  of  the  damage  to 
New  York’s  commerce  is  the  way  in  which  the  railroads  of  New 
York  discriminate  against  her  in  the  interests  of  competing 
ports. 

The  report  submitted  by  the  commission  shows  that  this  rail- 
road discrimination,  imposed  by  Avhat  is  knoAvn  as  the  differential 
agreement  between  the  trunk  line  railroads  to  the  Atlantic 
seaports,  results  in  overcoming  the  advantage  Avliich  New  York 
would  have  under  natural  conditions  as  the  cheapest  route  to 
foreign  markets  for  the  products  of  the  west.  It  is  claimed 
that  this  differential  agreement  gives  preference  in  railroad 
rates  not  only  to  the  cities  of  Philadelphia,  Baltimore,  Norfolk 
and  Newport  Ncavs,  but  Montreal  and  the  Gulf  ports  are  bene- 
fited by  it  to  the  injury  of  New  York  to  as  full  an  extent  as  if 
they  were  parties  to  the  agreement.  The  differential  agreement 
also  provides  the  same  rate  for  Boston  as  for  New  York,  and 
permits  the  Boston  roads  to  allow  free  insurance  and  free  stor- 
age to  such  an  extent  as  amounts  to  a substantial  discrimination 
against  New  York. 

The  differential  agreement  was  signed  on  April  5,  1877,  by 
William  H.  Vanderbilt,  H.  J.  Jewett,  Thomas  A.  Scott  and  John 
W.  Garrett,  representing  the  New  York  Central,  the  Erie,  the 
Pennsylvania  and  the  Baltimore  & Ohio  railroad  companies. 
It  established  a system  of  freight  rates  governing  all  traffic, 
both  eastbound  and  westbound,  bounded  on  the  south  by  the 
Ohio  river,  on  the  west  by  the  Mississippi  river  and  on  the  east 
by  an  imaginary  line,  drawn  through  Toronto,  Buffalo,  Pittsburg 
and  Parkersburg.  Traffic  destined  to,  or  originating  in,  territory 
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west  of  the  Mississippi,  was  also  subject  to  this  agreement,  ami 
it  has  since  been  extended  to  other  trunk  lines  and  to  seaports 
like  Newport  News  and  Norfolk,  which  have  since  become  im- 
portant. It  has  continued,  with  some  modifications,  substan- 
tially unchanged,  until  toda3\  It  governs  the  rate  on  all  classes 
of  freight  and  commodities,  and  regulates  the  miovement  of  all 
grain  and  grain  products  in  the  TTnited  States,  except  those 
moving  to  the  Gulf  ports  or  the  Pacific  coast.^ 

In  order  to  partially  control  the  situation,  the  New  York 
Commerce  Commission  considcn-CHl  Unit  tin'  canal  (|uestion  was 
really  the  central  point  around  which  hinged  all  other  (pieslions 
concerned  with  benefiting  the  commercial  development  of  New 
York,  Their  report  is  very  extensive,  including  2200  octavo 
pages.  It  is  accompanied  by  evidence  taken  by  the  commission 
at  its  several  hearings.  The  following  summary  of  the  con- 
clusions of  tin's  commission  is  taken  from  the  re])ort : 

1)  The  decline  in  New  Yoik's  commerce  has  been  steady  and 
continuous  for  many  years;  it  has  been  more  pronounced  during 
i*ecent  years,  and  has  now  reached  serious  j)roportions  in  an  actual 
loss  of  exports.  This  loss  has  been  largely  in  exports  of  grain  and 
fiour.  While  New  York  has  been  steadily  losing,  Montreal,  Poston, 
Paltimore,  New|)ort  News  and  the  Gulf  ports  of  New  Orleans  and 
Galveston  have  made  substantial  gains. 

2)  The  loss  to  New  York  is  due  in  great  measure  to  a discrimi- 
nation against  New  York  in  railroad  rates  imposed  by  an  agree- 
ment, known  as  the  difierential  agreement,  between  the  trunk  line 
railroads  of  the  American  Atlantic*  seaports,  including  the  New 
York  railroads. 

3)  While  this  difierential  agrcH'inent,  by  its  terms,  gives  pref- 
erence in  railroad  rates  only  to  rhiladeljdiia,  Baltimore,  Norfolk 
and  Newport  News,  the  ])ort  of  3Iontreal  and  the  Onlf  ])orts  are 
benefited  to  the  injury  of  New  York  to  as  full  an  extent  as  if  they 
Avere  parties  to  the  agreement,  in  vieAv  of  the  fact  that  in  the 
competition  with  the  Gulf  jiorts  and  with  Montreal  the  differen- 
tial agreement  alone  prevents  the  New  York  roads  from  giving 
New  York  as  low  a rate  as  is  recorded  by  the  agreement  to  Balti- 
more and  to  NeAvport  News;  and  the  same  differential  agreement, 
Avhile  providing  the  same  rate  for  Boston  as  for  New  York,  per- 
mits the  Boston  road  to  allow  free  insurance  and  free  storage  to 
an  extent  that  amounts  to  as  substantial  a discrimination  against 

iProm  paper,  Railway  Discrimination  Against  New  York  and  the  Remedy, 
by  Abel  E.  Blackmar.  Trans.  Am.  Soc.  C.  E.,  Vol.  XL VI,  p.  j 
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New  York  as  is  imposed  by  the  discrimination  in  tlie  rail  rate  in 
favor  of  Philadelphia^  Baltimore  and  Newport  Noavs. 

4)  As  a result  of  this  situation,  in  Avhich  New  Y"ork  is  pre- 
vented from  receiving  the  benefit  of  her  natural  advantages  in 
competition  Avith  these  other  ports,  each  of  the  ports  named  has 
made  gains  Avhile  NeAV  Y^ork  has  continued  to  lose. 

5)  While  there  are  port  charges  in  NeAV  York  that  can  and 
should  be  reduced,  it  Avill  be  impracticable  to  assure  to  Noaa^  Y"ork 
any  benefit  from  such  reductions  so  long  as  the  railroads  are  per- 
mitted to  offset  the  saving  in  expense  thus  secured  by  correspond- 
ingly increasing  the  differential  against  NeAV  Y^ork.  That  such  is 
the  principle  of  the  differential  agreement  and  the  policy  of  the 
NeAV  York  roads,  as  AA^ell  as  the  roads  to  the  southern  Atlantic 
]>orts,  Avas  conceded  by  the  officials  of  the  Ncav  Y^ork  roads  Avhen 
the}^  appeared  before  the  commission. 

G)  The  theory  of  such  discrimination  is  that,  under  natural 
competitive  conditions,  Ncav  Y"ork  Avould  maintain  its  preeminent 
})Osition  in  the  export  as  Avell  as  in  the  import  trade  of  the  coun- 
try— NeAV  Y^ork  under  such  natural  conditions  being  the  cheapest 
route  to  the  foreign  markets  for  the  products  of  the  Avest.  To 
the  extent  that  this  differential  agreement  requires  the  Noav  York 
roads  to  charge  a higher  rate  than  otherAvise  would  be  imposed 
upon  the  export  products  of  tlie  west  it  is,  in  effect,  an  export 
tax  upon  such  products. 

7)  To  abolish  the  differential,  therefoi*e,  would  not  only  result 
in  NeAV  York  regaining  the  commerce  now  diA^erted  to  other  ports, 
but  it  Avould  also  benefit  the  producers  and  exporters  of  the  Avest 
Avhen  conq^eting  in  the  foreign  markets.  This  is  explanatory  of 
the  fact  that  the  Avestern  exporters  express  themselves  as  equally 
concerned  Avith  NeAA"  York  regarding  this  railroad  discrimination 
against  Ncav  York. 

S)  The  ])rinciple  of  the  differential  agreement  is  inequitable 
and  unjust  in  theory  and  in  practice.  New  Y^ork  has  suffered 
much  therefrom,  and  should  mse  every  means  within  her  power 
not  only  to  have  it  abolished,  but  also  to  render  it  impracticable 
of  restoration.  The  differential  rate  applies  not  onl}-  on  product^ 
destined  for  export,  but  also  destined  for  local  consumption  by 
the  people  of  New  Y^ork  city. 

9)  The  fact  that  the  NeAv  Y"ork  Central  & Hudson  Kiver 
Kaihvay  Company  has  received  exceptional  benefits  from  the  State 
of  NeAv  Y^ork  makes  that  corporation  exceptionally  culpable  for 
participal  ing  in  the  discrimination  to  the  serious  injury  of  New 
York. 

10)  This  railroad  discrimination  against  Ncav  York  Avould  be 
impossible  Avithout  the  participation  of  the  New  York  Central  and 
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Hudson  Kiver  Kailroad  Compain’,  and  the  demand  that  it  with- 
draw irrevocably  from  the  differential  agreement  is  now  made 
nnderstandingl3\ 

11)  The  State  has  it  within  its  power,  through  an  adequate 
improvement  of  the  Erie  canal,  not  only  to  apply  the  remedy  that 
Avill  secure  it  against  further  loss  of  its  commerce^  but  that  will 
secure  to  it  as  well  the  restoration  of  that  which  has  already  been 
diverted. 

12)  This  result  may  be  achieved  through  the  completion  of 
the  impj-ovement  of  the  State  canals  contemplated  by  chapter  79 
of  the  laws  of  1895  at  an  ex])enditure  not  exceeding  |15^000,000. 
To  receive  full  benefit  from  the  comi)letion  of  such  improvement 
canal  terminals  should  be  provided  by  the  State,  both  at  Buffalo 
and  at  New  York,  for  the  receipt,  safeguarding  and  delivery  of 
]>ackage  freight  transported  oi'  destined  for  transportation  over 
the  Erie  canal. 

Id)  While  thus  j)roviding  for  competition  with  rail  rates  suf- 
ffcient  to  render  difficult  if  not  impossible  a discrimination 
against  New  York,  certain  high  charges  at  the  port  of  New  Y^ork 
should  be  reduced,  including  the  charge  for  elevating  grain,  and 
also  including  the  excessive  rentals  iiu])Osed  for  the  use  of  public 
dotlis. 

* * ->5-  * * -K-  * * 


As  stated  in  tlu'  eleventh  conclusion,  this  commission  was 
strongly  of  the  opinion  that  the  State  has  it  within  its  power, 
by  an  adequate  improvement  of  p]rie  canal,  to  remedy  the 
deffciencies  at  present  existing,  and  they  accordingly  recom- 
mended that  an  act  should  be  passed  providing  for  the  earliest 
possible  completion  of  the  improvement  of  canals  contemplated 
by  chapter  79  of  the  laws  of  1895,  and  providing  for  issuing 
bonds  to  the  sum  of  |15, 000,000  to  pay  for  such  improvement. 

The  commission  also  considered  that  there  should  be  an 
amendment  of  chapter  494  of  the  laws  of  1899  authorizing  the 
' designation  for  canal  terminals  of  public  piers  in  the  City  of 
New  York,  together  with  suitable  locations  upon  the  Erie  canal 
lands  at  Buffalo,  and  providing  that  certain  piers  should  be  set 
apart  exclusively  for  canal  terminals. 

The  commission  also  considered  that  chapter  585  of  the  laws 
of  1888,  entitled.  An  act  to  regulate  the  fees  and  charges  for 
elevating,  trimming,  receiving  and  discharging  grain  by  means 
of  floating  and  stationary  elevators  and  warehouses  within  this 
State,  should  be  so  amended  as  to  make  it  more  difficult  of 
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evasion  and  to  provide  for  a inaxiinnm  rate  of  one-lialf  e(“nt  per 
bnshel  for  such  service. 

Tliey  also  considered  that  the  Transportation  Corporation 
Law  should  be  amended  in  such  manner  as  to  allow  companies  to 
be  organized  with  a capital  stock  exceeding  ,^50,000. 

The  commission  considered  that  the  provision  of  the  charter 
of  New  York  city  relating  to  the  canal  piers  in  that  city  should 
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Fig.  49  Original  boat  used  on  Erie  canal. 
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be  so  amended  as  to  limit  the  use  of  canal  piers  to  barges  on  the 
Hudson  river  north  of  Oastleton. 

They  also  considered  that  an  act  should  be  passed  prohibiting 
the  conveyance  in  perpetuity  of  any  land  under  water  in  New 
York  now  owned  by  the  State  or  city  and  j)roviding  that  leases  of 
such  land  may  be  made. 

They  considered  thaf  the  legislature  should  confer  annually 
such  authorization  to  the  (hty  of  New  York  as  would  enable  it 
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Fig.  50  Boat  used  at  beginning  of  enlargement. 


to  carry  out  plans  for  the  construction  of  piers  and  the  improve- 
ment of  dock  facilities  whenever  required. 

They  finally  considered  that  such  additional  authority  should 
be  conferred  upon  the  City  of  New  York  within  the  constitutional 
limits  as  would  enable  the  Dock  Board  to  enter  promptly  into  the 
possession  of  lands  necessar}’  to  be  acquired  for  the  improvement 
between  Gansevoort  and  Twenty-third  streets. 

The  reasons  for  these  several  recommendations  are  included  in 
the  commission’s  personal  report,  pages  7-141,  of  volume  I of 
their  report. 
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The  New  York  Commerce  Commission  consisted  of  Chas.  A. 
Schieren,  Andrew  H.  Green,  C.  C.  Shayne,  Hugh  Kelly  and  Alex- 
ander K.  Smith. 

Description  of  the  Canals  Now  in  Operation  and  Their  Water  Supply 

Following  are  some  of  the  main  facts  in  regard  to  the  principal 
canals — Erie,  Champlain,  Oswego,  and  Black  river — now  in  opera- 
tion in  the  State  of  New  York.  Similar  facts  for  Oneida  lake 
canal,  Oneida  river  improvement,  the  Cayuga  and  Seneca  canal 
and  others,  may  be  obtained  by  reference  to  the  annual  reports  of 
the  Superintendent  of  Public  Works.  In  order  to  save  space,  in 
a few  cases,  immaterial  facts  have  been  omitted. 


Length,  capacity,  and  cost  of  new  york  state  canals 
Erie  canal 


Original  canal 

Enlarged  canal 

Length,  in  miles 

363.00 

351.78 

Lockage,  in  feet 

675.50 

645.80 

Average  burden  of  boats,  in  tons. . . 

70.00 

210.00 

Maximum  burden  of  boats,  in  tons. . 

76.00 

* 240.00 

Construction  authorized 

. Apr.  15, 1817 

May  11, 1835 

Construction  completed 

Oct.,  1836 

Sept.,  1862 

Actual  cost  of  construction 

. 17,143,789 

144,465,414 

Champlain  canal 

Length  of  canal,  in  miles 

Length  of  feeder,  in  miles 

Length  of  pond,  in  miles 


66 


Total,  in  miles 78 

Average  burden  of  boats,  in  tons 85 

Construction  authorized Apr.  15, 1817 

Glens  Falls  feeder  authorized 1822 

Estimated  cost  of  canal |871,000 

Total  cost  of  canal  and  feeder  to  1868 2,378,910 


Total  cost,  including  improvements  and  enlarge- 
ments, to  1875 


4,044,000 
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Oswego  canal 

Original  canal 


Length,  in  miles 38.00 

Lockage,  in  feet 154.85 

Average  burden  of  boats,  in  tons G2.00 

Construction  authorized Apr.,  1825 

Construction  completed Dec.,  1828 

Actual  cost  of  construction |565,473 


Enlarged  canal 

38.00 
154.85 
210.00 
Apr.,  1854 
Sept.,  1862 
14,427,589 


Black  River  canal 

Length  of  canal,  Rome  to  Lyon  Falls,  in  miles 35.00 

Length  of  improved  river  to  Carthage,  in  miles 42.00 

Length  of  navigable  feeder,  in  miles 10.50 

Lockage,  in  feet 1,082.25 

Average  burden  of  boats,  in  tons 70.00 

Construction  authorized Apr.,  1836 

Construction  completed 1849 

Actual  cost  of  construction 13,581,954 


Eastern  division  of  Erie  canal.  Erie  canal  is  divided  into  three 
divisions,  known  as  the  eastern,  the  middle,  and  the  western. 
The  eastern  division  embraces  the  portion  of  the  canal,  with  its 
feeders  and  side  cuts,  extending  from  the  Hudson  river  at  Albany 
to  the  dividing  line  between  the  counties  of  Herkimer  and  Oneida, 
and  the  whole  of  the  Champlain  canal,  with  its  feeders,  ponds, 
and  side  cuts.  The  entire  mileage  of  canals,  feeders,  and  river 
improvements  on  the  eastern  division  is  as  follows : 


Miles 

Erie  canal,  Albany  to  east  line  of  Oneida  county 106.24 

Fort  Schuyler  and  West  Troy  side  cuts 0.35 

Albany  basin 0.77 

Champlain  canal,  including  Waterford  side  cut 66.00 

Navigable  river  above  Troy  dam 3.00 

Glens  Falls  feeder 7.00 

Navigable  river  above  Glens  Falls  feeder  dam 5.00 


Total 188.36 
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Mileage  of  unnavigable  feeders  op  the  eastern  division  of 

ERIE  canal 

Miles 

Mohawk  rivei*  at  Kexford  Flats 0.39 

^fohawk  river  at  Kocln’  rift 3.92 

Mohawk  river  at  Little  Falls 0.19 

Schoharie  creek ■. 0.63 

Total  5.13 


To  the  west  of  Jattle  Falls  lies  19.2  miles  of  the  eastern  division^ 
supplied  from  the  reservoirs  and  streams  of  the  middle  division. 
East  of  Jattle  Falls  the  supply  is  from  Mohawk  river,  through 
Ihttle  Falls,  Kocky  rift,  and  Kexford  Flats  feeders,  and  from 
Schoharie  creek  through  Schoharie  creek  feeder.  As  to  the  quan- 
tity of  water  used  on  that  ])ortion  of  Erie  canal  included  in  the 
eastern  division  very  little  is  known.  With  the  exception  of  a few 
thousand  cubic  feet  per  minute  received  from  the  middle  division, 
the  su})j)ly  is,  as  just  indicated,  all  derived  from  the  Mohawk  river 
and  its  tributary,  Schoharie  creek.  Thus  far  no  measui'ements  of 
the  actual  quantity  used  have  been  made.  Probably  the  total 
diversion  amounts  in  dry  weather  to  from  400  to  500  cubic  feet 
]K‘r  second.  Some  of  this  is  returned  to  the  ^[ohawk  river  by  leak- 
age and  wastage,  but  just  what  ])rojK)rt ion  is  returned,  and  what 
Hually  delivered  either  into  the  Hudson  river  at  Albany  or  by  the 
Troy  and  Fort  Schuyler  side  cuts,  is  not  known.  In  view  of  the 
magnitude  of  the  ])ower  develoi)inent  on  the  ^lohawk  river  at 
Fohoes  it  ai)]>ears  v(‘ry  desirable  that  such  a.  determination  be 
made. 

The  water  sujiply  of  the  Cham])lain  canal  is  derived  from  Wood 
cia^ek  and  several  small  streams  to  the  north  of  Fort  Edward, 
(liens  Falls  feeder,  Hudson  river  feeder,  from  the  Hudson  laver 
itself  at  Saratoga  dam,  and  from  the  ^lohawk  river  at  the  Cohoes 
dam. 

As  already  stated,  the  Chamj)lain  canal  is  fed  from  the  Hudson 
river  by  the  Glens  Falls  feeder,  vdiich  connects  with  the  river 
about  2 miles  above  Glens  Falls  and  from  the  Saratoga  dam  at 
Xorthumberl  and. 
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The  length  of  the  Glens  Falls  feeder,  from  the  guard  look  at  its 
head  to  where  it  enters  the  Chain})lain  canal,  about  2 miles  above 
Fort  Edward,  is  ().1)2  miles.  From  this  ])oint  the  water  in  the 
canal  tiows  both  north  and  south,  the  total  length  of  the  canal  fed 
by  the  Glens  Falls  feeder  being  81.81  miles.  Fort  Edward  level, 
into  which  the  Glens  Falls  feeder  delivers  water,  is  a summit  level, 
and  hence  the  water  delivered  into  it,  less  the  losses  by  percola- 
tion, evaporation,  etc.,  is  partly  discharged  into  Lake  Champlain 
and  partly  into  the  Hudson  river  at  the  Saratoga  dam.  The  Chain- 
plain  canal  crosses  through  the  pond  formed  by  the  Saratoga  dam 
from  the  east  side  to  the  west  of  the  Hudson  and  again  passes  out 
of  the  river,  taking  a full  su])ply  therefrom  at  the  village  of  North- 
umberland, from  which  point  to  the  Mohawk  river  at  Cohoes  the 
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Fig.  .■)!  BoHt  used  during  process  of  enlargement . 


distance  is  27.0G  miles.  The  water  from  this  section  by  passing 
into  the  Mohawk  finally  reaches  the  Hudson  above  the  Troy  dam. 
The  canal  (*rosses  the  Mohawk  river  at  Cohoes,  taking  water  there- 
from to  su])ply  the  section  from  Cohoes  to  near  West  TToy,  a 
distance  of  2. .80  huiles.  A small  amount  of  water  also  passes 

from  the  Cham])lain  canal  to  the  Hudson  through  the  Waterford 
side  cut. 

Since  the  construction  of  the  Glens  Falls  feeder  there  have 
existed  serious  leaks  through  the  seamy  limestone  rock  in  wdiich 
the  feeder  is  excavated  at  and  below  the  village  of  Glens  Falls. 
It  is  claimed  that  the  losses  through  these  seams  have  generally 
increased,  until  for  several  years  past  they  have  amounted  to 
about  50  ])(u’  cent  of  the  total  flow  into  the  feeder  at  the  guard 
lock. 

This  leakage  has  been  repeatedly  complained  of  by  the  owners 
of  wat(‘r])Ower  at  Ghms  Falls  and  s(‘veral  attempts  to  check  it 
liave  been  made,  but  without  much  avail.  The  river  falls  38  feet 
at  Glens  Falls,  and  the  owners  of  the  AvaterpOAver  there  claim 
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that  this  leakage,  which  is  practically  all  below  the  falls,  is  a 
detriment  to  their  waterpower  which  ought  not  to  exist.  In 
order  to  determine  the  amount  of  this  leakage,  as  well  as  the 
relation  which  it  bears  to  the  question  of  a material  increase  in 
the  flow  of  the  Hudson  river  by  storage,  a series  of  measurements 
of  the  flow  of  the  feeder  was  undertaken  early  in  October,  1895. 

Arrangements  having  been  made  with  the  division  superin- 
tendent to  maintain  a uniform  feed  for  several  days  before  the 
measurements  began,  as  well  as  during  the  days  when  they  were 
actually  being  made,  and  points  established  for  verifying  the 
uniformity  of  the  flow  during  the  time  of  the  measurements,  a 
series  of  accurate  sections  was  then  made  at  points  both  above 
and  below  the  leakage,  and  a large  number  of  current-meter 
readings  taken  from  a footbridge  thrown  temporarily  across  the 
feeder  at  each  section.  The  results  so  obtained  are  as  follows: 

1)  On  October  8,  1895,  the  flow  in  the  feeder  just  below  the 
guard  lock  at  the  feeder  dam,  above  all  serious  leaks,  was  383 
cubic  feet  per  second. 

2)  On  the  same  day  the  flow  at  change  bridge  No.  13,  about 
one-half  mile  from  the  feeder  dam,  above  all  serious  leaks,  was 
364  cubic  feet  per  second. 

3)  On  October  9 and  10  the  flow  a short  distance  below  all 
serious  leaks  was  213  cubic  feet  per  second. 

4)  On  October  10  the  flow  about  half  a mile  farther  down  was 
191  cubic  feet  per  second. 

5)  On  October  11  the  flow  just  above  the  locks  at  Sandy  Hill 
was  182  cubic  feet  per  second. 

6)  A section,  also  taken  October  11,  in  the  Champlain  canal,  a 
short  distance  north  of  where  the  feeder  enters,  shows  that  the 
amount  of  water  passing  to  the  north  at  that  time  was  74  cubic 
feet  per  second. 

These  measurements  show  that  the  loss  between  sections  1 
and  5,  which  may  be  taken  as  including  about  all  the  losses  from 
the  feeder,  is  201  cubic  feet  per  second.  The  water  delivered 
into  the  Champlain  canal  is  therefore  only  about  47  per  cent  of  the 
quantity  entering  the  feeder  at  the  guard  lock.  The  measure- 
ments also  show  that  of  the  182  cubic  feet  per  second  actually 
delivered  to  the  Champlain  canal  74  cubic  feet  per  second  is 
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diverted  to  the  north,  and  108  cubic  feet  per  second,  less  the  loss 
from  evaporation,  etc.,  is  returned  to  the  river  at  the  Saratoga 
dam. 


Taking  into  account  the  losses  from  evaporation  and  absorp- 
tion by  vegetation  during  the  summer  months,  we  may  place  the 
demands  for  the  Champlain  canal  during  the  months  of  canal 
navigation  at  the  following  approximate  monthly  means.  These 
figures  are  roughly  proportional  to  evaporation  from  a water 
surface:  r.  v.-  ^ . 

Cubic  feet 
per  second 


May 553 

J une  600 

July 600 

August 600 

September 553 

October 510 

November 495 


With  the  leakage  of  the  Glens  Falls  feeder  done  away  with,  the 
foregoing  figures  may  be  reduced  about  200  cubic  feet  per  second 
for  each  month.  For  the  section  of  the  Champlain  canal  from 


Fig.  52  Boat  used  after  enlargement  was  completed  in  1862. 


Northumberland  to  Cohoes  we  may  assume  the  water  supply  of 
the  enlarged  canal  at  about  255  cubic  feet  per  second  in  May, 
October,  and  November,  and  at  about  280  to  290  cubic  feet  per 
second  in  June,  July,  August  and  September. 

Middle  division  of  Eric  canal.  This  division  comprises  that 
portion  of  the  Erie  canal  lying  between  the  east  line  of  Oneida 
county  and  the  east  line  of  Wayne  county,  as  well  as  the  Oswego 
canal  from  Syracuse  to  Oswego,  the  Baldwinsville  side  cut,  the 
‘Cayuga  and  Seneca  canal,  the  Black  Biver  canal,  and  other  short 
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sti'otolies  ns  indicated  in  detail  below.  The  following  are  the 


lengths  in  miles  of  the  several  sections: 

" Miles 

Erie  canal  from  east  line  of  Oneida  county  to  east  line 

of  AA^ayne  county 97.02 

Oswego  canal d7.78 

8ide  cuts  and  slips  at  Salina 2.02 

Slips  at  Liverpool 0.25 

Baldwinsville  side  cut 0.59 

(hiyuga  and  Seneca  canal 22.99 

Black  River  canal 35.52 

Old  Oneida  lake  canal 1.05 

Chenango  slij) 0.05 

(’hemung  canal,  on'ginal  lake  level 2.53 


Tolal  199.80 


AflUEAlJE  or  mVER  IMPROVEMENTS  PERTAINING  TO  THE  MIDDLE 
DIVISION  OF  ERIE  CANAL 

Miles 

Black  river  42.50 

Onondaga  outlet 0.75 

Oneida  river 20.00  * 

Seneca  river  towing-path 5.83 

Seneca  river  Not  used 

Ithaca  inlet 2.05 

Seneca  outlet 0.17 


Tolal  71.30 


AflLEACaO  OF  NAVIGABLE  FEEDERS  OF  THE  :MIDDLE  DIVISION  OF  ERIE 


Limestone  creek 0.83 

Butternut  creek 1.67 

Camillus 1.04 

Delta 1.40 

Black  river 11.29 


16.23 


Total 
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The  total  length  of  canal,  river  improvement,  and  navigable 
feedei’S  on  the  middle  di^'i8ion  is  thus  found  to  he  287..‘ht  miles. 
Tlie  following  feeders  of  the  middle  division  are  not  navigable: 

Miles 

Chenango  canal,  summit  level 5.31 

Leland  ])ond 0.31 

Madison  brook  2.99 

West  brancli 5.83 

Bradleys  brook 0.67 

Hatch  lake 0.23 

Kings  brook 1.87 

Oriskany  creek' 0.53 

M ohawk  feeder  at  Rome 0.03 

Oneida  creek 2.91 

Cowaselon  creek 0.40 

Chittenango  creek 0.28 

Cazenovia  lake  outlet 0.51 

Tionghnioga  river 1.00 

l)e  Knyter  reservoir  outlet 0.12 

Orrville 0.55 

Camillns  (nnnavigable  ]mrtion) 0.65 

Carpenter  brook 0.18 

Hkanealeles  creek 0.09 

Bntnam  brook 0.20 

Centerport  0.18 

Owasco  creek 2.10 

Lansing  kill 1.80 

Sugar  river 0.14 

Canachagala  lake  outlet 0 . 16 


Total 29.04 


Borne  level,  which  is  a summit  level,  extends  from  lock  No.  46 
to  lock  No.  47,  a distance  of  55.96  miles.  The  following  is  the 
estimated  water  supply  of  this  level  before  the  beginning  of  the 
enlargement  of  1895. 
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Cubic  feet 
per  second 

Leland  pond,  Madison  Brook  reservoir,  Eaton  Brook 
reservoir,  Bradley  Brook  reservoir.  Hatch  lake,  Kings- 
ley Brook  reservoir,  and  Oriskany  creek  feed  through 
the  Chenango  canal,  Oriskany  creek,  and  Oriskany 
creek  feeder  into  the  Rome  level,  6 miles  west  of 

lock  No.  46 100 

Mohawk  river,  Black  river,  Forestport  pond,  Forestport 
reservoir.  White  Lake  reservoir.  Chub  lake.  Sand  lake. 

First,  Second  and  Third  Bisby  lakes,  Woodhull  reser- 
voir, Twin  lakes.  South  Branch  reservoir.  North 
Branch  reservoir  and  Canachagala  lake  feed  through 
the  Rome  feeder  and  Black  River  canal  into  the  Rome 


level  at  Rome,  14  miles  west  of  lock  No.  46. 217 

Oneida  creek  enters  the  canal  through  feeder  30  miles 

west  of  lock  No.  46 17 

Cowaselon  creek  enters  the  canal  through  feeder  31.5 

miles  west  of  lock  No.  46 3 

Cazenovia  Lake  reservoir,  Erieville  reservoir  and  Chit- 


tenango  creek  enter  the  canal  through  Ohittenango 
creek  feeder,  41.5  miles  west  of  lock  No.  46;  average 


for  navigation  season  about 47 

De  Ruyter  reservoir  enters  the  canal  through  Limestone 
creek  (Fayetteville)  feeder,  50  miles  west  of  lock  No. 

46;  average  for  the  navigation!  season  about 32 

Limestone  creek  (natural  flow)  also  enters  the  canal 
through  Limestone  creek  (Fayetteville)  feeder,  50 

miles  west  of  lock  No.  46 8 

Jamesville  reservoir  enters  the  canal  through  the  Orr- 
ville  feeder,  52  miles  west  of  lock  No.  46;  average  for 

navigation  season 11 

Butternut  creek  (natural  flow)  enters  the  canal  through 

the  Orrville  feeder,  52  miles  west  of  lock  No.  46 8 


443 


Total 
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The  following  detail  in  regard  to  the  preceding  feeders  and 
reservoirs  is  condensed  from  the  Barge  Canal  Keport. 

Oriskany  feeder.  This  feeder  has  a catchment  area  above  the 
diversion  dam  at  Oriskany  of  234  square  miles,  which  includes  87 
square  miles  of  the  catchment  of  Chenango  river,  therefore  leav- 
ing 147  square  miles  tributary  to  Oriskany  creek.  On  the  Che- 
nango river  catchment  there  are  a number  of  reservoirs,  a list 
of  whicli  has  been  given  on  page  417. 

Mohatvk  feeder.  A short  distance  east  of  the  Black  Biver 
canal  a portion  of  the  Mohawk  river  is  diverted  by  the  Mohawk 
feeder  into  the  Erie  canal.  The  catchment  area  of  the  river  above 
the  point  of  diversion  is  156  square  miles.  It  is  thus  without 
water  storage.  The  minimum  flow  of  the  Mohawk  river  at  Ridge 
Mills,  as  shown  on  a preceding  page,  is  rather  large,  although  it 
should  not  be  overlooked  that  it  receives  the  waste  and  leakage 
of  twenty-flve  miles  of  the  Black  River  canal.  For  the  present  it 


may 

be  taken  at  0.2  cubic  foot  per  second  per  square  mile. 

S 'Drr  r=rST 

CAPAC/TV  /S,OOO  SC/J//^l3  OP  h//^£AT 

— V 

^ u. ill  . 

^50T6>//5 


Ilg.  53  Boat  suggested  by  Canal  Committee  for  Erie  canal  improvement. 

Black  river  canal  feeder.  The  Erie  canal  is  supplied  with  183 
cubic  feet  per  second  of  water  from  the  Black  river  canal,  which 
unites  therewith  at  Rome.  The  summit  level  of  the  Black  river 
canal  is  supplied  from  Black  river  at  Forestport  by  means  of  a 
navigable  feeder  about  10.5  miles  in  length.  The  distance  front 
Boonville  to  Rome  is  about  twenty-five  miles. 

The  pond  at  the  head  of  the  Forestport  feeder  is  formed  by  a 
diversion  dam  across  Black  river,  a short  distance  below  Wood- 
hull  creek.  The  catchment  area  at  the  diversion  dam  is  267 
square  miles.  The  Forestport  reservoir  is  on  Black  river  about 
1.5  miles  above  the  diversion  dam.  This  reservoir  has  an  area  of 
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793  acres  and  an  average  depth  of  7 feet.  Its  storage  capacity 
is  212,444,000  cubic  feet.  Tlie  catcliinent  area  is  147  S(piaiT‘ 
miles.  There  are  also  a number  of  lakes,  ponds  and  reservoirs 
in  the  upper  portion  of  the  catchment  area  of  Black  river  which 
are  utilized  but  which  are  not  specifically  mentioned  here  because 
they  are  tabulated  on  ]>age  u44. 

il  ood  creek  feeder.  This  stream  flows  into  Erie  canal  in  the 
western  part  of  Koine.  Its  catchment  area  is  7 square  miles,  and 
since  the  amount  of  water  furnished  by  this  catchment  is  so  small 
as  to  1)6  inajipreciable,  it  is  not  taken  into  account  in  the  pre- 
ceding tabulation.  The  minimum  Mow  amounts  to  about  0.3  cubic 
foot  per  second. 

Oneida  feeder.  Oneida  feeder  enters  Erie  canal  at  Durham- 
ville.  A portion  of  the  water  of  Oneida  creek  is  diverted  into 
Oneida  feeder  at  Oneida.  The  catchment  area  of  the  creek  abov(‘ 
the  diversion  dam  is  73  square  mil(‘s.  There  are  no  storage  reser- 
voii's  upon  Oneida  creek. 

Ootcaselon  feeder.  This  feeder  empties  into  the  Erie  canal  2.5 
miles  west  of  Durhamville.  The  catchment  area  above  the  feeder 
is  28  square  miles.  There  are  no  storage  reservoirs  upon  this 
stream. 

Chittenau(/o  feeder.  The  Ohittenango  creek  unites  with  the 
outlet  of  Cazenovia  lake  at  Cazenovia  and  is  diverted  into  the  Chit- 
tenango  feeder  at  Ohittenango. 

The  Erieville  reservoir  is  situated  in  the  extreme  south- 
eastern portion  of  the  catchment  on  one  of  the  smaller  branches 
of  Ohittenango  creek.  The  tributary  catchment  is  5.4  square 
miles  and  its  storage  capacity  318,424,000  cubic  feet.  The  water 
surface  is  340  acres  and  the  average  depth  is  21.5  feet. 

The  outlet  of  Oazenovia  lake  unites  with  Ohittenango  creek  9.4 
miles  above  the  feeder.  The  catchment  area  of  the  lake  is  8.7 
square  miles,  and  according  to  recent  determinations  the  water 
surface  is  1.7  square  miles,  although  in  the  reports  of  the  Oanal 
r)ej)artment  it  is  stated  at  2.8  square  miles.  The  outlet  is  also 
stated  to  be  so  controlled  as  to  afford  a storage  of  348,523,000 
cubic  feet  by  drawing  off  a depth  of  4.5  feet.  This  depth  on  an 
area  of  1.7  square  miles  gives  a storage  of  only  206,997,000 
cubic  feet.  The  area  of  the  catchment  above  the  diversion  dam 


HYDROLOGY  OF  NEW  YORK 


7G1 


is  77.1  square  miles.  That  of  Erieville  reservoir  and  (’a/auiovia 
lake  combiued  is  14.1  square  miles. 

Fayetteville  feeder.  A portion  of  the  water  of  Limestone  creek 
is  diverted  into  the  Fayetteville  feeder  at  Fayetteville.  This  feeder 
is  1.2  miles  long  and  is  navigable  for  0.83  of  a mile.  Awar  Delphi, 
Limestone  creek  divides  into  two  branches.  De  Ruyter  reser- 
voir is  located  at  the  head  of  the  branch  from  the  south.  This 
reservoir  is  formed  by  an  earth  dam  70  feet  high,  and  has  a 
storage  cai)acity  of  504,468,000  cubic  feet,  yvdth  an  average  area 
of  626  acres  and  de])th  of  18.5  feet.  It  impounds  water  from 


/OOO  TONS 


Fig.  Boat  recommended  by  Canal  Committee  for  Barge  canal. 

18.2  square  miles  of  the  catchment  of  Tioughnioga  river.  Its 
location  is  15  miles  southeasterly  from  the  head  of  the  diver- 
sion dam  at  Fayetteville,  and  the  intermediate  ('atchment  is 

77.1  square  miles.  The  total  catchment  above  Fayetteville  is 

95.2  square  miles;  below  this  village  the  feeder  intercepts 
Bishops  brook,  with  a catchment  of  8.3  square  miles.  The  total 
catchment  area  tributary  to  the  Fayetteville  feeder  is  therefore 
103.5  square  miles. 

The  storage  capacity  of  De  Ruyter  reservoir  is  at  the  rate 
of  27,800,000  cubic  feet  per  square  mile  of  tributary  catchment, 
as  figured  on  the  basis  of  18.2  square  miles  of  catchment  area. 

Orrville  feeder.  At  a point  2.2  miles  south  of  the  canal  at 
De  Witt  the  water  of  Butternut  creek  is  diverted  through  the 
Orrville  feeder  into  the  canal.  Jamesville  reservoir,  2.4  miles 
above  the  head  of  the  feeder,  is  formed  by  a dam  across  the 
creek.  The  area  of  the  reservoir  formed  is  252  acres;  average 
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depth,  16.5  feet,  and  storage  capacity,  170,000,000  cubic  feet. 
The  catchment  area  of  the  creek  above  the  head  of  the  feeder 
is  52  square  miles,  and  the  catchment  area  above  the  reservoir 
is  46.2  square  miles. 

The  storage  of  the  Jamesville  reservoir  is  at  the  rate  of  3,680,000' 
cubic  feet  per  square  mile  of  catchment  tributary  to  the  reser- 
voir. In  order  to  make  the  entire  yield  of  the  area  available,  a 
much  larger  storage  capacity  than  this  is  required. 

Jordan  level,  which  is  also  a summit  level,  extends  from  lock 
No.  50  to  lock  No.  51  and  is  14,903  miles  in  length.  The  follow- 
ing feeders  are  tributary  to  this  level: 

Cubic 
ft.  per 
second 

Otisco  lake  reservoir  fed  through  Camillus  feeder  into  the 

canal,  4 miles  west  of  lock  No.  50 86 

Ninemile  creek  (natural  flow)  also  fed  into  canal  through 

Camillus  feeder 13 

Carpenter  brook  feeder 3 

Skanea teles  feeder^ 146 


Total 


248 


The  following  feeders  deliver  water  into  the  Port  Byron  level,, 
which  extends  from  lock  No.  51  to  No.  52,  a distance  of  7.79  miles; 

Cubic 
ft.  per 
second 


Putnam  brook  feeder  at  Weedsport 3 

Owasco  feeder 69 

Total 72 


Oswego  canal  receives  about  167  cubic  feet  per  second  from 
the  Erie  canal  at  Syracuse.  The  balance  of  its  water  supply  is 
derived  from  the  Seneca  and  Oneida  rivers.  The  total  amounts  to 
about  1233  cubic  feet  per  second.  Seneca  and  Cayuga  canal 
receives  about  67  cubic  feet  per  second  from  Erie  canal  at  Mon- 


^See  statement  in  regard  to  Skaneateles  feeder  on  page  168. 
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toziima,  and  300  cubic  feet  per  second  from  Seneca  lake,  mak- 
ing’ a total  of  367  cubic  feet  per  second. 

The  approximate  water  supply  of  the  middle  division  of  the 
Erie  canal  maj^  therefore  be  summarized  as  follows  : 


Cubic 
ft.  per 
second 

Frankfort  and  Rome  level  443 

Jordan  level 249 

Port  Byron  level 70 


Total  762 


Oswego  canal: 

Supply  from  Seneca  river 900 

From  Oneida  river 333 


Total  1,233 


Seneca  and  Cayuga  canal 300 

Grand  total 2,295 


The  total  water  su])ply  of  the  middle  division  may  thus  be 
placed.  a|)])roxiinately,  at  2,295  cubic  feet  per  second.^ 

The  details  of  reservoirs  on  the  Black  river,  as  well  as  those  of 
the  other  reservoirs  for  the  Avater  supply  of  the  Erie  canal,  may  be 
obtained  from  table  No.  95. 

Western  (Uvision  of  Erie  canal.  The  western  division  of  the 
Erie  canal  includes  the  following : 

Miles 

Erie  canal  from  the  east  line  of  Wayne  county  to  Ham- 


burg street,  in  the  city  of  Buffalo 148.92 

Five  slips  in  the  city  of  Buffalo,  aggregate  length 1.60 

‘Genesee  river  feeder  in  the  city  of  Rochester 2.25 


Total  152.77 


^Tliis  is  a A’ery  general  statement  from  the  reports  of  the  State  Engineer 
and  SurA^eyor,  and  to  be  taken  in  connection  with  a large  amount  of  detailed 
Information  in  the  reports  not  specifically  cited  here. 
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The  unnavigable  feeders  of  this  division  are: 

Miles 

Tonawanda  and  Oak  Orchard  creek 11.55 

Prism  of  old  Genesee  Valley  canal,  Cuba  reservoir  to 

Rockville  7.65 

Prism  of  old  Genesee  Valley  canal,  Scottsville  to 
Rochester  feeder  dam 11.00 


Total  30.20 


The  only  reservoirs  on  the  western  division  are  the  Oil  creek 
and  Rockville  reservoirs,  originally  constructed  to  feed  the  sum- 
mit level  of  the  Genesee  Valley  canal,  and  still  retained  as  sub- 
sidiary feeders  to  the  Erie  canal,  their  waters  being  finally  dis- 
charged into  the  Genesee  river  and  thence  taken  into  the  canal 
through  the  Genesee  river  at  Rochester.  The  main  characteris- 
tics of  Oil  creek  and  Rockville  reservoirs  may  be  obtained  from 
table  No.  95. 

The  sources  of  water  supply  for  the  western  division  are: 
Lake  Erie,  at  Buffalo;  Tonawanda  creek,  at  Pendleton;  Tona- 
wanda and  Oak  Orchard  creeks,  at  Medina;  Allens  creek, 
through  the  prism  of  the  old  Genesee  Valley  canal,  from  Scotts- 
ville to  Rochester  ; the  Genesee  river  at  Rochester.^ 

Ship  Canal  Projects  and  their  Water  Supply 

By  virtue  of  the  geographic  position  of  New  York,  with  the 
Great  Lakes  on  its  western  boundary  and  the  Atlantic  ocean 
on  its  eastern,  and  with  the  commercial  capital  of  the  western 
continent  as  its  chief  city,  all  discussions  of  deep  waterway 
projects  from  the  upper  Great  Lakes  to  the  seaboard  are  neces- 
sarily chiefly  discussions  of  the  water  resources  of  New  York. 
It  is  proper,  therefore,  that  the  several  deep  waterway  projects 
should  be  briefly  noticed  in  a report  of  this  character. 

^Tlio  foregoing  statements  as  to  length,  water  supply,  and  reservoirs  of  the 
Erie  canal,  while  covering  only  a small  amount  of  the  total  data,  are  still 
as  much  as  can  be  given  at  this  time.  Full  information  may  be  obtained 
by  reference  either  to  the  annual  reports  of  the  State  Engineer  and  Sur- 
veyor from  1850  to  1903,  inclusive,  or  to  those  of  the  Superintendent  of 
Public  Works  from  1878  to  1903,  inclusive.  Previous  to  1878  reports  of 
the  Canal  Commissioners  may  also  be  consulted  for  a large  amount  of 
information. 


Table  No.  95 — Reservoirs  for  the  water  supply  of  Erie  canal 
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Supply  to  canal  through  Forestport  pond  and  Black  river  canal.  2 The  Bisby  lakes  and  White  lake  reservoir  have  been  abandoned. 
)ply  to  canal  through  Oriskany  creek  feeder. 
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The  Deep  Waterivays  Commission  of  1895.  Ini  February, 
1895,  Congress  by  a joint  resolution  authorized  a preliminary 
inpuiry  concerning  deep  waterways  between  the  Great  Lakes 
and  the  ocean,  and  pro  Aided  that  the  President  should  appoint 
three  commissioners  to  make  such  inquiry.  The  President, 
under  this  resolution,  appointed  Prof.  Janies  B.  Angell,  of  Ann 
A]‘bor,  Michigan;  John  E.  Bussell,  of  Leicester,  Massachusetts, 
and  Lyman  E.  Cooley,  of  Chicago,  Illinois.  The  report  of  the 
( oininission,  published  in  1897,  includes  a large  amount  of  A^alu- 
able  information  in  regard  to  a deep  waterway  from  the  upper 
Great  Lakes  to  the  Atlantic  seaboardL  In  regard  to  the  State 
of  New^  York,  it  has  been  pointed  out  by  Mr  Cooley  that  nature 
has  indicated  two  feasible  routes  for  such  a canal.  The  first 
of  these  is  the  OsAA^ego-Mohawk-Hudson  route,  extending  from 
Oswego  through  the  valley  of  the  Oswego  and  Oneida  rivers,  and 
thence  across  the  divide  to  the  Mohawk,  thence  through  the 
MohaAvk  valley  to  a point  on  the  Hudson  in  the  vicinity  of  Troy, 
and  so  on  through  the  Hudson  river  to  tidewater  at  New  York. 
One  objection  to  this  route  is  the  lockage  over  the  summit  be- 
1 Aveen  Lake  Ontario  and  the  Mohawk  valley.  Another  objection 
is  the  absorption  of  a large  quantity  of  water  in  central  New 
York  for  the  supply  of  the  summit  level  of  the  canal,  and  which 
probably  can  be  more  effectively  used  in  manufacturing;  that 
is  to  say,  the  State  of  Noav  York,  by  deA^eloping  its  manufactur- 
ing resources  to  their  fullest  extent,  can  realize  more  return 
from  manufacturing  than  from  the  use  of  its  inland  waters 
for  purposes  of  internal  navigation  of  any  kind  what- 
ever. The  Oswego-Mohawk-Hudson  route  would  utilize  the 
great  natural  highway  which  has  been  an  easy  passage  to  com- 
merce from  the  early  days  of  settlement  on  the  Atlantic  coast. 

The  second  natural  route  through  the  State  of  New  York 
is  by  way  of  St  Lawa’ence  river  to  the  head  of  Ooteau  rapids, 
where  the  low-water  level  of  Lake  St  Francis  is  153.5  feet  above 
tide,  or  68.5  feet  aboA^e  the  low-water  leA^el  of  Lake  Champlain. 
On  this  plan  a canal  would  be  constructed  from  Coteau  Land- 
ing to  the  head  of  Lake  Champlain,  near  Rouses  Point,  this 
section  requiring  cutting  through  a summit  about  50  feet  in 
bight.  Lake  Champlain  would  then  be  utilized  to  Whitehall, 
from  wJiich  point  a canal  would  be  cut  through  the  valley  lead- 
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iug  from  Whitehall  to  the  Hudson  river  at  Fort  Edward,  the 
elevation  of  the  water  surface  of  the  Hudson  a few  miles  below 
Fort  Edward  being  somewhat  less  than  the  low-water  elevation 
of  Lake  Champlain.  After  reaching  the  Hudson  the  work  w’ould 
include  the  deepening  of  that  stream  to  deep  vrater,  a few  miles 
below  Albany.  Either  of  the  foregoing  projects  would  further 
include  the  construction  of  a ship  canal  connecting  Lakes  Erie 
and  Ontario. 

The  advantage  of  the  St  Lawrence-Champlain-Hudson  over  the 
Oswego-Mohawk-Hudson  route  is  that  the  lockage  would  be  all  in 
one  direction ; that  is,  eastward-bound  vessels  would  lock  down  all 
the  way  from  Lake  Erie  to  New  York.  Its  disadvantages  are 
increased  length  and  the  location  of  the  canal  connecting  the 
St  Lawrence  river  with  Lake  Champlain  in  Canadian  territory. 
In  regard  to  increased  length,  it  is  claimed  that  not  much  more 
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time  would  be  required  in  traversing  it  than  would  be  consumed 
in  locking  over  the  Oswego-Mohawk  summit. 

As  to  the  capacity  of  the  proposed  canal,  the  Deep  Waterways 
Commission  points  out  in  its  report  that  such  a canal,  if  built, 
should  be  so  carried  out  as  to  be  adequate  for  vessels  of  the  most 
economical  type,  not  only  for  coasting  or  domestic  trade  but  also 
for  the  foreign  movement,  so  that  commerce  may  be  carried  on 
directly  between  lake  ])orts  and  other  domestic  and  foreign  ports 
without  transshipment.  Taking  into  account  various  other  con- 
ditions, the  commission  believes  that  the  re(piirements  of  the  pres- 
ent demand  a limiting  draft  in  Hie  jnoposed  canal  of  27  or  28  feet; 
hence,  the  commission  recommends  the  securing  of  a channel  of  a 
navigable  depth  of  not  less  than  28  feet. 

The  commission  also  says  that,  starting  from  the  heads  of  Lakes 
Michigan  and  Superior,  the  most  eligible  route  for  a deep  waterway 
is  through  the  several  Great  Lakes  and  their  intermediate  chan- 
nels and  the  proposed  Niagara  ship  canal  to  Lake  Ontario,  and 
that  the  Canadian  seaboard  may  then  be  reached  from  Lake  On- 
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tario  by  the  way  of  the  St  Lawrence  river,  and  the  American 
seaboard  reached  from  Lake  Ontario  bj  way  of  either  the 
Oswego-Mohawk-Hudson  route  or  the  St  Lawrence-Champlain- 
Hiidson  route.  The  Deep  Waterways  Commission  was  not  au- 
thorized to  make  any  considerable  expenditure  for  surveys,  and 
hence  the  conclusions  announced  are  to  some  degree  tentative. 
In  view  of  the  uncertainty  as  to  final  cost,  it  is  recommended  that 
the  alternative  routes  from  Lake  Ontario  to  the  Iludson  be  sub- 
ject to  complete  survey  in  order  to  obtain  a full  development  of 
the  governing  economic  considerations,  as  well  as  to  determine 
their  relative  availability. 

The  commission  also  recommends  a moderate  control  of  the 
level  of  Lake  Erie  and  of  Niagara  river  above  Tonawanda  by  dam, 
but  leaves  the  practical  details  undetermined  in  the  absence  of  a 
full  understanding  of  the  physical  conditions. 

The  credit  for  systematizing  the  information  belongs  almost 
entirely  to  Lyman  E.  Cooley.  In  his  special  report  on  the 
technical  work  of  the  Deep  Waterways  Commission  he  has  de- 
fined clearly  the  main  elements  of  the  problem  and  produced  a 
report  which  will  be  an  imp^ortant  reference  so  long  as  deep 
waterw^ays  are  a live  topic  in  the  United  States. 

The  report  of  Major  Thomas  W.  Symons.  The  river  and  harbor 
act  of  June  3,  1896,  directs  the  Secretary  of  War  to  cause  to  be 
made  accurate  examinations  and  estimates  of  the  cost  of  con- 
structing a ship  canal  by  the  most  {)racticable  route,  wholly  within 
the  United  States,  from  the  Great  Lakes  to  the  navigable  waters 
of  the  Hudson  river,  of  sufficient  capacity  to  transport  the  ton- 
nage of  the  lakes  to  the  sea.  Under  the  provisions  of  this  act 
a report  w^as  submitted  by  Major  Thomas  W.  Symons,  of  the 
Corps  of  Engineers,  dated  June  23,  1897.^ 

Major  Symons  states  that  there  are  three  possible  routes  for 
the  ship  canal,  entirely  within  the  territory  of  the  United  States, 
from  the  Great  Lakes  to  the  navigable  waters  of  the  Hudson, 
as  follows : 

1)  From  Lake  Erie  via  the  upper  Niagara  river  to  the  vicinity 
of  Tonawanda  or  La  Salle;  thence  by  canal,  with  locks,  either  to 
the  lower  Niagara  at  or  near  Lewiston,  or  to  some  point  on  Lake 


^Report  Chief  of  Engineers  for  the  year  ending  June  30,  1897. 
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Ontario;  thence  tlirongli  Lake  Ontario  to  Oswego;  thence  up 
Oswego  and  Oneida  rivers  to  Oneida  lake,  and  through  Oneida 
lake;  thence  across  the  divide  to  Mohawk  river,  and  down  that 
river  to  the  Hudson  at  Troy ; thence  down  the  Hudson.  This  he 
designates  as  the  Oswego  route.  From  Oswego  to  Hudson  river 
it  is,  in  effect,  the  Oswego-Mohawk-Hudson  route,  already  de- 
scribed. 

2)  To  follow  either  the  line  of  Erie  canal  from  Lake  Erie  to 
the  Hudson,  or  this  line  so  modified  as  to  provide  for  a con- 
tinuously descending  canal  from  Lake  Erie  to  the  Hudson.  This 
he  designates  as  the  Erie  canal  route. 

3)  This  route  coincides  with  the  first  from  Lake  Erie  to  Lake 
Ontario,  but  runs  thence  through  Lake  Ontario  to  St  Lawrence 
river  and  down  said  river  to  some  j)oint  near  Ogdensburg ; it  then 
crosses  the  State  of  New  York  to  Lake  Champlain  and  up  that 
lake  to  Whitehall;  and  thence  follows  in  general  the  route  of  the 
Champlain  canal  to  Hudson  river  at  Troy. 

There  is  also  discussed  a fourth  route — the  St  Lawrence-Cham- 
plain — all  of  which,  except  a small  portion,  is  within  the  United 
States.  This  route  would  be  via  Niagara  Falls,  Lake  Ontario,  the 
St  Lawrence,  Caughnawaga,  and  Richelieu  rivei’s,  Lake  Cham- 
plain, and  the  Hudson. 

The  opinion  is  expressed  that  the  best  route  for  the  contem- 
plated ship  canal  is  that  via  Niagara  river,  Lake  Ontario,  Oswego 
and  Oneida  rivers,  Oneida  lake,  and  Mohawk  and  Hudson  rivers, 
and  that  to  build  such  a canal  by  any  of  the  possible  routes  men- 
tioned would,  at  a rough  estimate,  cost  |200, 000,000,  the  exact 
figure  depending  very  largely  upon  the  action  of  the  State  of 
New  York  in  regard  to^he  State  canals,  feeders,  reservoirs,  etc.; 
and  that  to  maintain  the  canal  and  to  keep  it  in  repair,  including 
the  maintenance  of  river  channels,  reservoirs,  and  feeders,  would 
cost,  at  a rough  estimate,  |2,000,000  a year.  The  statement  is 
made  that  a ship  canal  would  be  of  no  special  military  value, 
and  that  its  construction  is  not  Avorthy  of  being  undertaken  by 
the  general  government  because  the  probable  benefits  to  be  derived 
from  it  would  not  be  commensurate  with  the  cost. 

Major  Symons  further  expresses  the  opinion  that  Erie  canal, 
when  enlarged  under  the  present  plans  of  the  State  of  New  York, 
may  give,  if  State  restrictions  are  removed,  commercial  advan- 
tages practically  equal  to  those  to  be  derived  from  the  proposed 
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ship  canal,  and  that  if  Erie  canal  be  further  improved  by  en- 
largement to  a size  sufficient  for  1500-ton  barges,  making  such 
alterations  in  alignment  as  to  give  a continuously  descending 
canal  all  the  way  from  Lake  Erie  to  the  Hudson,  and  canalizing 
Mohawk  river,  the  improved  canal,  navigated  by  barges,  would 
render  practicable  the  transportation  of  freight  between  the  east 
and  the  west  at  a lower  rate  than  by  a ship  canal  navigated  by 
large  lake  or  ocean  vessels.  The  difficulty  of  navigating  large 
vessels  through  long,  shallow  canals  is  the  loss  of  time  and  the 
consequent  great  increase  in  the  pro  rata  expense  account,  as 
compared  with  the  actual  amount  transported  between  termi- 
nals. Major  Symons  is  also  of  the  opinion  that  the  enlargement 
of  the  Erie  canal  on  these  lines  is  a project  woTthy  of  being 


Fig.  5G  Kock  cross-section  of  deep  waterways  for  21-foot  channel. 


undertaken  by  the  general  government,,  because  the  benefits  to 
be  derived  would  be  commensurate  with  the  cost,  which  he  esti- 
mates at  approximately  one  fourth  that  of  a ship  canal,  or  |50,- 
000,000.  The  following  is  a summary  of  Major  Symons’s  report: 

1)  A ship  canal  which  would  permit  lake  vessels  to  reach 
tidewater  and  ocean  vessels  to  reach  lake^orts  would  be  valuable 
in  reducing  and  regulating  lake  freights,  transfer  charges,  etc.  on 
such  freight  as  might  be  tributary  thereto. 

2)  To  justify  construction  the  benefits  to  be  derived  from  such 
a canal  should  be  clearly  shown  to  be  suitably  commensurate 
with  its  cost  and  the  cost  of  maintenance  and  necessary  improve- 
ments. 

3)  The  present  and  prospective  conditions  of  lake  and  inter- 
lake channels  and  harbors  limit  the  reasonable  depth  of  a ship 
canal  to  that  required  for  vessels  of  20-foot  draft. 

4)  Any  ship  canal  built  should  be  entirely  within  the  territory 
of  the  United  States,  and  should  terminate  at  a first-class  Ameri- 
can seaport  and  commercial  and  manufacturing  center  in  order 
that  western  products  for  domestic  consumption,  as  well  as  those 
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designed  for  exportation,  may  be  transported  at  minimum  cost, 
and  that  return  freight  of  the  greatest  possible  magnitude  may 
be  secured  and  the  canal  benefit  alike  the  people  of  the  west  and 
of  the  east. 

5)  Any  ship  canal  built  should  not  only  subserve  the  interests 
of  foreign-bound  commerce,  but  as  well  the  domestic  commerce 
between  the  centers  of  population  in  the  east  and  the  producing 
regions  of  the  west. 

6)  The  domestic  commerce  is  of  more  importance  to  consider 
than  the  commerce  destined  to  or  from  foreign  countries. 

7)  A ship  canal  by  the  iSt  Lawrence  route  to  Montreal,  or  by 
the  St  Lawrence-Champlain  route  to  New  York,  does  not  fulfill 
these  conditions,  and  should  not  be  considered  by  the  United 
States. 

8)  The  route  considered  best  for  a ship  canal  is  by  the  Niagara 
river.  Lake  Ontario,  Oswego,  Oneida  lake  and  the  Mohawk  and 
Hudson  rivers. 

9)  For  the  highest  economy  in  transportation  special  types 
of  vessels  are  needed  for  use  on  the  ocean,  on  the  lakes  and  on 
the  canals,  and  neither  can  replace  the  other  in  its  proper  waters 
without  suffering  loss  of  efficiency.  Ocean  vessels  could  not,  as  a 
general  rule,  engage  in  the  business  of  passing  through  a ship 
canal  and  the  lakes  to  upper  lake  ports,  and  lake  vessels  are  not 
fitted  for  use  upon  the  ocean,  and  if  they  made  use  of  a canal 
they  would  have  to  transfer  their  cargoes  at  the  seaboard.  For 
economical  transportation  through  a canal  from  the  Great  Lakes 
to  the  sea,  special  vessels,  differing  from  and  far  less  costly  than 
ocean  or  lake  vessels,  are  required. 

10)  Important  and  serviceable  canals  already  exist  between 
the  Great  Lakes  and  the  Hudson,  the  Erie  canal  connecting  Lake 
Erie  with  the  Hudson,  and  the  Oswego-Erie  canal  connecting 
Lake  Ontario  with  the  Hudson.  By  these  canals  low  rates  of 
freight  are  attained. 

11)  These  canals  are  being  improved  by  the  State  of  New  York 
to  the  extent  that  Avhen  completed  the  capacity  of  the  boats 
navigating  them  will  be  increased  about  70  per  cent,  the  time  of 
transit  will  be  materially  reduced,  and  it  will  be  possible  and 
practicable  to  move  freight  between  Lake  Erie  and  New  York 
for  about  60  per  cent  of  the  present  cost. 

12)  Under  existing  conditions  and  methods  these  canals  re- 
quire, and  will  when  improved  require,  the  transference  of  freight 
from  lake  vessels  to  canal  boats,  and  vice  versa,  at  lower  lake 
ports. 

13)  This  transference  is  an  important  and  expensive  item  in 
the  cost  of  through  freight,  and  its  avoidance  or  material  reduc- 
tion is  very  desirable. 
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14)  Transference  at  lower  lake  ports  is  necessary  for  econonii- 
cal  distribution  of  a very  large  j)art  of  the  freight  shipped  in  lake 
vessels,  and  this  would  he  the  case  regardless  of  any  canal. 

15)  The  present  cost  of  transfereme  at  lower  lake  ports  can 
he  materially  reduced  and  business  still  he  done  at  a profit. 

IG)  Any  canal  which  will  enable  this  transference  to  he 
avoided  Avill  cause  its  reduction  to  a inininmni. 

17)  The  amount  of  tonnage  which  it  is  estimated  may  he 
])OSsihly  tributary  to  a shi})  canal  is  24,000,000  annually, 
18,000,000  tons  transported  eastward  and  0,000,000  tons  trans- 
ported Avestward. 

18)  The  cost  of  a ship  canal  suitable  for  use  by  the  largest 
vessels  of  the  lakes  from  Lake  Erie  to  New  York,  and  necessary 
work  in  connection  thereAvith,  Avould  he  ap])roximately  |200,- 
000,000,  and  the  cost  of  oj)eration  and  maintenance  AA^ould  he 
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approximately  |2,000,000  j>er  year.  The  cost  Avould  dei)end 
largely  upon  the  arrangement  Avhich  could  he  made  AA  ith  NeAv 
York  'State  for  the  possession  of  its  canals,  feeders,  reservoirs, 
etc.  which  would  necessarily  he  absorbed  in  the  greater  canal. 

19)  The  Erie  canal,  as  it  is  being  enlarged  by  the  State  of 
New  York,  Avill,  if  all  restriciions  upon  its  use  he  remoA^ed,  giA^e 
commercial  adATintages  i)ractically  equal  to  the  commercial  ad- 
vantages Avhich  Avould  he  given  by  a ship  canal. 

20)  If  the  Erie  canal  he  further  improved  by  enlarging  it  to 
a size  sufficient  for  1500-ton  barges,  making  necessary  alterations 
in  its  alignment  so  as  to  giA’e  a continuously  descending  canal  all 
the  Avay  from  Lake  Erie  to  the  Hudson,  and  canalizing  the  Mo- 
haAvk  riA^er,  such  improA^ed  canal,  navigated  by  barges,  Avill  enable 
freight  to  be  transported  betAA'cen  the  east  and  AA^est  at  a lower 
rate  than  could  a ship  canal  navigated  by  the  large  lake  or  ocean 
A’essels.  The  cost  of  such  enlargement  Avould  be  approximately 
one  quarter  the  cost  of  a ship  canal. 

21)  If  a ship  canal  Avere  built,  the  business  thereon  Avould  not 
be  done  in  large  lake  or  ocean  vessels,  but  in  barges  and  boats 
which  could  be  equally  well  accommodated  in  a canal  of  much 
less  size. 
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22)  A ship  canal  between  tlie  Great  Lakes  and  the  ocean  would 
have  no  inilitary  value. 

23)  The  construction  of  a shij)  canal  from  the  Great  J^akes 
to  the  sea  is  not  a project  worthy  of  being  undertaken  by  the 
general  government,  as  the  benetits  to  be  dei-ived  therefrom  would 
not  be  properly  commensnrate  with  the  cost. 

2t)  The  enlargement  of  the  Erie  canal,  as  suggested,  with 
everything  adapted  to  transiiort  the  tonnage  of  the  lakes,  is  a 
project  worthy  of  being  nndertaken  by  the  general  government, 
as  the  benetits  to  be  derived  therefrom  would  be  projjerly  coinmen- 
snrate  with  the  cost. 

25)  The  cost  of  the  necessary  surveys  for  a ship  canal  by  the 
Xiagara-Oswego  route  is  estimated  at  |11)0,000. 

2())  The  cost  of  an  entirely  independent  survey  for  the  en- 
largement of  the  Erie  canal  and  canalization  of  the  Mohawk  river 
is  estimated  at  |125,UOO. 

27)  The  cost  of  a combined  survey  of  the  X"iagara-Oswego 
ship  canal  and  for  the  enlargement  of  the  Erie  canal  is  estimated 
at  1250,000. 

28)  A thorough  understanding  with  the  State  of  Xew  York 
with  reference  to  its  canals  should,  if  jiossible,  ])recede  action  of 
any  kind. 

Report  on  the  Oswego-Mohu wlc-H udson  route.  The  Oswego-Mo- 
hawk-Hndson  route  is  discussed  in  a report  by  Albert  J.  Himes 
appearing  in  the  Report  of  the  State  Engineer  and  Surveyor  for 
1895.1 

In  this  report  Mr  Himes  expresses  the  oi)inion  that  a sufficient 
water  supply  could  not  be  obtained  for  a high  summit  level  across 
the  divide,  and  hence  the  canal  must  be  cut  from  the  level  of 
Oneida  lake  through  to  the  corresponding  level  in  the  Mohawk 
valley.  In  this  way  he  i)roj)oses  to  use  Oneida  lake  as  a storage 
reservoir  from  which  to  discharge  water  both  ways  to  the 
Oswego  and  Mohawk  rivers.  By  this  plan  the  surface  of  Oneida 
lake  would  be  raised  10  feet,  furnishing  1100  cubic  feet  per 
second  continuously  for  seven  months.  If  such  a canal  is  con- 
structed, the  experience  gained  in  the  last  seventy-five  years 
teaches  the  danger  of  small  economies  in  water  supply.  Experi- 

^ Report  on  the  Enlarged  Canal  via  the  Oswego  Route,  by  Albert  J. 
Himes.  Report  State  Engineer  and  Surveyor  for  the  year  ending  Septem- 
ber 30,  1895. 
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ence  shows  that  canal  water  supplies  iniist  he  made  ample,  as 
otherwise  a shortage  will  result  sooner  or  later. 

In  a paper  on  An  Enlarged  Waterway  Between  the  Great 
Lakes  and  the  Atlantic  Seaboard,  b}’  William  Pierson  Jiidson, 
the  water  supply  of  the  summit  level  of  the  Oswego-Mohawk- 
Hiidson  route  is  discussed  at  length.  Mr  Jiidson  considers  that 
it  would  be  entirely  proper  to  take  whatever  deficiency  there 
might  be  from  the  headwaters  of  the  Black  river,  reservoirs  in 
addition  to  those  now  existing  being  constructed  on  the  Beaver 
and  Moose  rivers,  tributary  to  the  Black,  for  the  purpoise  of  fur- 
nishing this  water.  He  recognizes  that  the  item  of  adequate 
water  supply  for  such  a canal  is  vital,  and  states  that  if  surveys 
and  thorough  investigations  were  to  show  that  the  demand  for 
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water  for  such  a canal  is  beyond  the  capacity  of  the  sources  of 
supply,  then  the  Oswego-^Iohawk-FIudson  route  would  be  shown 
to  be  impracticable,  although  as  an  alternative  proposition  he 
states  that  it  would  be  entirely  practicable  to  supply  the  sumimit 
level  of  such  a canal  from  Lake  Erie.  This,  it  is  pointed  out, 
can  be  accomplished  b}^  a feeder  branch  taken  from  the  present 
Erie  canal  near  jMacedon,  12  miles  west  of  Newark,  where  the 
Erie  canal  is  now  85  feet  above  the  Rome  level.  The  proposed 
feeder,  instead  of  stepping  down,  as  does  the  Erie  canal,  can  be 
swung  off  to  the  south  on  higher  ground  at  the  necessary  eleva- 
tion, passing  along  the  south  side  of  the  Clyde  river  and  cross- 
ing the  Seneca  river  near  the  Cayuga  Lake  outlet.  Seneca  river 
is  narrowest  here,  and  the  feeder  could  be  carried  across  it  in  an 
open  trunk  on  a 40  to  50  foot  trestle  about  2 miles  long. 

A canal  om  the  Oswego-Mohawk-Hudson  route  28  to  30  feet  in 
depth,  with  corresponding  surface  and  bottom  dimensions,  will 
probably  absorb  all  available  water  of  central  New  York,  as  well 
as  a considerable  portion  of  Black  river.  The  waterpower s on 
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Mohawk  river  at  Cohoes  will  necessarily  be  made  subservient  to 
the  exigencies  of  such  a canal,  although  Mr  Judsou',  in  the  paper 
already  referred  to,  has  pointed  out  how  valuable  these  water 
powers  would  be  for  seven  or  eight  months  of  the  year  to  the 
manufacturing  cities  of  the  Mohawk  valley.  Under  this  head 
we  may,  however,  inquire  as  to  how  the  waterpower  for  only 
seven  months  of  the  year  would  be  of  any  special  value  to  the  city 
of  Cohoes,  where,  owing  to  the  kind  of  manufacturing,  continu- 
ous power  three  hundred  and  ten  days  in  the  year  is  required. 
This  development  is  a result  of  wise  management  of  the  water- 
power, without  which  there  is  no  reason  to  suppose  that  the  area 
on  which  the  city  stands  would  have  any  greater  value  than  that 
of  the  surrounding  farming  region.  A proposition  to  interfere 
seriously  with  the  waterpower  at  Cohoes  can  only  be  looked  on 
by  the  wu’iter  as  most  extraordinary.  Indeed,  not  the  least  extra- 
ordinary feature  of  the  present  agitation  for  ship  canals  across 
the  State  of  New  York  is  the  entire  lack  of  appreciation^ — ^so  far 
as  the  discussion  indicates — of  the  value  to  the  State  of  New  York 
of  its  inland  waters. 

Aside  from  the  report  of  Major  Symons,  the  discussion  has  thus 
far  apparently  proceeded  on  the  supposition  that  the  taking  of 
inland  waters  for  navigation  purposes  was  a matter  on  a par  with 
the  taking  of  agricultural  lands  for  right  of  way,  the  economic 
value  of  the  water  for  power  purposes  and  the  resulting  effect  on 
the  internal  development  of  the  State  having  thus  far  been  almost 
entirely  ignored. 

What  the  people  of  the  State  of  New  York  need  to  consider  first 
of  all  is  whether  the  inland  waters  are  not  now  worth  more  for 
manufacturing  than  they  can  possibly  be  worth  for  navigation 
purposes.  If  after  investigation  it  is  shown  that  the  wafer  will 
produce  greater  income  to  the  people  of  the  State  in  manufactur- 
ing than  it  will  in  operating  such  a canal,  then  from  mere  com- 
mercial considerations  the  people  ought  not  to  consent  to  the 
construction  of  such  a canal.  The  State  of  New  York  can  not 
afford  to  forego  the  possibility  of  developing  its  manufacturing 
interest  in  order  to  furnish  water  for  the  summit  level  of  the 
proposed  Oswego-Mohawk-Hudson  deep-water  canal.  At  any  rate 
we  should  know  just  what  results  may  be  expected  before  em- 
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barking  in  the  enterprise.  If,  however,  after  fall  investigation 
it  a])pears  that  the  canal  water  sni)ply  can  he  obtained  and  the 
inannfactnring  interests  protected,  no  reasonable  objection  can 
be  urged. 

The  foregoing  was  written  in  1897.  In  1898-99  the  writer 
investigated  this  question  for  the  United  States  Board  of  En- 
gineers on  Deep  Waterways,  arriving  at  the  conclusion  that 
water  enough  to  supply  the  deep  waterways  could  be  obtained 
without  interfering  with  the  development  of  manufacturing. 
How  this  may  be  accomplished  is  detailed  in  the  present  report. 

In  order  to  justify  tin*  construction  of  the  ship  canal  as  a com- 
mercial ])roposi1ion,  th(‘  saving  on  the  transportation  of  an  esti- 
mated annual  tonnage  of  21,000, 000  tons  o ver  the  cost  of  its  trans- 
portation by  existing  means  and  methods  must  at  least,  equal  the 
interest  on  the  cost  of  the  canal  ])lns  the  annual  cost  of  mainte- 
nance and  oi)eration.  The  lirst  cost  is  taken  at  |200, 000,000,  with 
the  maintenance  at  |2,000,000  pew  year.  Assuming  an  interest 
charge  of  0 per  cent,  the  annual  interest  plus  the  maintenance 
becomes  |8,000,000,  which  sum  represents  the  annual  expense 
of  the  jiroposed  ship  canal  connecting  the  Great  Lakes  with  the 
Atlantic  seaboard.  As  regards  the^  State  of  New  York,  there 
should  be  added  to  this  amount  a sum  representing  the  decrease 
in  wealth  in  central  New  York  due  to  the  absorption  of  the 
inland  waters  of  the  State  away  from  manufacturing  interests 
in  favor  of  navigation  interests.  As  a rough  estimate  the  writer 
places  such  decrease  at  not  less  than  |5, 000,000  per  year,  al- 
though the  decrease  would  probably  be  much  greater  than  this, 
but  in  tin*  absence  of  data  for  full  discussion  he  places  it  at  a 
conservative  figure,  which  can  not  well  be  gainsaid.  On  the 
other  hand,  if  the  International  St  Lawrence-Champlain-Hudson 
route  were  to  be  constructed,  not  only  would  this  source  of 
lo-ss  be  entirely  eliminated,  but  since  that  plan  proposes  to 
deliver  water  from  the  St  Lawrence  river  into  Lake  Champlain, 
and  thence  by  a through  cut  from  Lake  Champlain  to>  the  Hud- 
son river,  there  would  be  delivered  into  the  Hudson  river  a con- 
siderable quantity  of  water  which  would  be  available  for  power 
at  Saratoga  dam,  Mechanicville  and  Troy.  This  ship-canal  pro- 
ject thus  increases  rather  than  decreases  the  productive  capacity 
of  the  State. 
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^Vithollt  wisliiDg  to  i)resent  tlie  foregoing  as  in  any  degree 
a final  conelnsion,  it  is  the  broad  view  to  take  of  the  question. 

Report  of  the  Board  of  Emjineers  on  Deep  W^iterways.  Under 
the  provisions  of  the  Sundry  Civil  Act,  passed  June  4,  1897,  the 
President  appointed  Major  Chas.  tV.  Raymond  of  the  Ooirps  of 
Army  Engineers,  Alfred  Noble  and  (leorge  Y.  AYisner  to  make 
surveys  and  examinations  of  deep  waterways  between  the  Great 
Lakes  and  the  Atlantic  tidewaters,  as  recommended  by  the 
Report  of  the  Deep  AAterways  Commission.  The  sundry  civil 
act  of  July  1,  1898,  provided  that  this  board  should  submit  in 
their  report  the  probable  and  relative  cost  of  canals  21  and  30 
feet  in  depth,  with  a statement  of  the  relative  advantages. 

This  board  examined  the  project  for  a ship  canal  in  all  its 
phases,  making  the  most  elaborate  report  thus  far  made  on  an 
engineering  j^roject  anywhere;  |485,000  was  spent  and  the 
report  includes  over  1000  pages,  illustrated  by  maps  and  dia- 
grams, showing  every  possible  phase  of  the  subject.  Its  length 
precludes  anything  like  a complete  review  of  it  here,  and  the 
writer  will  confine  himself  to  such  references  as  are  necessary 
to  understand  its  relation  to  Avater  supply  in  the  State  of  Noav 
York.‘ 

Attention  may  be  again  called  to  the  fact  that  the  Board 
of  Engineers  was  limited  in  its  in\^estigations  to  the  recom- 
mendations made  by  the  Deep  lYaterways  Commission.  These 
recommendations  included  the  following: 

1)  That  complete  surveys  and  examinations  be  made  and  all 
needful  data  to  mature  projects  be  procured  for — 

a)  Controlling  the  level  of  Lake  Erie  and  projecting  the 
Niagara  ship-canal. 

h)  Developing  the  Oswego-Oneida-MohaAvk  route. 

(j  Developing  the  St  LaAvrence  Champlain  route. 

d)  Improving  the  tidal  Hudson  river. 

e)  Improving  intermediate  channels  of  the  lakes. 

2)  That  the  collecting  and  reducing  of  existing  information, 
supplemented  by  reconnaissance  and  special  investigations,  be 
continued  until  the  general  questions  huA^e  been  fully  covered. 

3)  That  a systematic  measurement  of  the  outfloAV  of  the  sev- 
eral lakes  and  a final  determination  of  their  levels  shall  be 
undertaken. 
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Since  the  principal  canal  to  be  constructed  in  connecting  the 
Great  Lakes  with  the  Atlantic  tidewaters  passes  through  the 
State  of  New  York,  the  following  outline  of  the  work  of  the 
Board  of  Engineers  is  herewith  given: 

Dimensions  of  prism.  This  board  made  a study  of  the  dimensions 
of  St  Clair,  Suez,  Manchester,  Amsterdam  and  Kiel  canals,  to- 
gether with  the  speed  which  steamships  can  maintain  in  these 
waterways,  arriving  at  the  conclusion  that  the  cross-section  of 
the  canal  prism  should  be  made  such  as  to  permit  a speed  of 
8 miles  per  hour  on  tangents  without  danger  to  either  passing 
ships  or  damage  to  the  banks.  On  this  basis  the  cross-section 


Fig.  59  Rock  cross-section  of  deep  waterways  for  30-foot  channel. 


best  adapted  for  economic  transportation  of  the  lake  traffic  and 
permitting  a speed  of  8 miles  per  hour  is  about  5500  square 
feet  for  a 21-foot  waterway  and  8000  square  feet  for  a 30-foot 
waterway. 

On  open  rivers  a bottom  width  of  600  feet  was  adopted  as 
necessary  for  safe  navigation.  On  the  Hudson  and  Mohawk 
rivers  the  cross-section  of  the  waterway  was  designed  with 
reference  to  carrying  flood  discharges  with  current  velocities  not 
exceeding  4 linear  feet  per  second.  On  the  Mohawk  river  the 
economic  cross-section  for  carrying  the  flood  discharge  at  not 
exceeding  4 linear  feet  per  second  required  a depth  of  consider- 
ably over  21  feet. 

Dimensions  of  structures.  The  dimensions  of  lock  structures 
were  designed  with  reference  to  the  type  carrier  likely  to  use  the 
waterway  and  to  the  importance  of  the  amount  of  time  required 
to  pass  a ship  through  the  waterway  relative  to  the  number  of 
ships  which  can  be  passed  through  a lock  in  a given  time,  and  in 
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view  of  the  fact  that  the  increase  of  detention  at  high  locks  only 
increases  the  detention  for  additional  time  required  to  fill  the  lock 
chamber,  it  was  concluded  that  the  advantages  to  be  derived  from 
quick  time  and  from  developing  shipbuilding  industries  was  of 
more  importance  than  a small  decrease  in  traffic  capacity. 

The  dimensions  of  lock  structures  which  will  best  subserve  the 
foregoing  conditions  were  investigated  with  the  following  results : 

Single  locks  for  a 30-foot  waterway  are  to  be  740  feet  long  and 
80  feet  wide  and  to  have  lifts  conforming  to  the  present  develop- 
ment of  waterpower  on  the  routes.  That  is,  the  hight  of  lift 
will  be  whatever  the  present  power  dams  are. 

For  a 21-foot  waterway  the  locks  are  to  be  600  feet  long,  60  feet 
wide  and  with  the  same  hight  of  lift  as  in  the  foregoing.  At 
Lewiston,  Long  Sault  rapids  on  the  St  Lawrence  river  and  at 
Champlain,  the  natural  conditions  require  lifts  of  from  40  to  50 
feet. 

Dam 8 and  sluices.  Dams  on  the  Mohawk  and  Hudson  rivers 
were  designed  with  as  great  a length  as  the  natural  conditions 
would  permit  in  order  to  keep  the  range  between  stages  of  high 
and  low  water  as  little  as  possible.  This  range  can  be  further 
reduced  by  making  the  crests  movable.  Sluice  gates  of  the  Stoney 
type  are  provided  where  long  dams  are  not  desirable.  With  four 
exceptions  the  dams  can  be  constructed  on  rock  foundations,  and 
at  the  locations  where  rock  is  not  available  the  heads  on  the  dams 
will  be  small. 

Breakwaters.  At  Olcott  and  Oswego,  terminals  of  the  Niagara 
ship  canal  and  of  the  Oswego-Mohawk  route,  artificial  harbors 
protected  by  breakwaters  will  be  necessary.  A study  was  made 
of  the  type  best  adapted  to  the  conditions  at  these  harbors  and 
the  results  are  given. 

Cornell  experiments.  Uncertainty  as  to  the  value  of  the  coeffi- 
cients in  the  ordinary  Aveir  formula  rendered  it  desirable  that 
additional  investigations  should  be  made  before  estimates  could 
be  made  either  of  the  value  of  waterjiower  rights  or  of  the 
amount  of  slope  wall  and  bank  protection  to  be  used  between  the 
limits  of  high  water  and  low  water  stages  of  the  proposed  water- 
way. Previous  to  the  Cornell  investigations  there  was  very 
little  certain  information  as  to  the  fiow  over  weirs  when  the  depth 
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was  greater  than  2 feet.  A series  of  experiments  was  accord- 
inglj  made  at  Cornell  University,  extending  the  results  up  to  G 
feet. 

Bridges.  The  railway  and  highway  bridges  were  designed  for 
250  feet  clear  span  on  the  30-foot  channel  and  240  feet  on  the  21- 
foot.  In  a few  cases  of  highway  crossings  steam  ferries  were 
provided  for  instead  of  bridges. 

Unit  prices.  In  establishing  unit  prices  for  the  estimates  the 
prices  paid  on  large  works  throughout  the  country,  involving 
similar  constructions,  were  considered  and  the  advice  and  opinion 
of  most  of  the  experienced  contracting  engineers  was  secured. 

Control  of  Lale  Erie.  Under  the  influence  of  varying  supply, 
evaporation  and  discharge,  the  monthly  mean  level  of  Lake  Erie 
lias  varied  4.G  feet  during  the  past  seventy  years.  The  low  level 
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Fig.  60  Rock  cross-section  of  proposed  Barge  canal. 


occurs  from  September  to  November,  when  navigation  is  the  most 
active.  In  order  to  maintain  the  level  the  discharge  must  be  so 
controlled  that  it  will  always  be  approximately  equal  to  the  dif- 
ference between  the  water  supply  and  the  evaporation  of  Lake 
Erie.  This  can  be  accomplished  by  establishing  regulating  works 
at  Buffalo.  They  must  be  so  arranged  that  they  will  not  only 
maintain  the  level  of  the  lake  at  or  near  the  fixed  stage  adopted, 
but  will  also  produce  no  injurious  effect  upon  the  lakes  and  water- 
ways from  which  the  supply  is  derived,  or  upon  those  receiving 
the  discharge.  This  problem  was  investigated  by  the  Board  of 
Engineers,  and  they  concluded  that  the  best  location  for  the  regu- 
lating Avorks  Avould  be  at  the  foot  of  the  lake,  just  below  Buffalo 
harbor.  The  board  also  concluded  that  the  level  of  the  lake  could 
be  maintained  during  the/ season  of  navigation  within  about  O.G 
foot  below  the  level  adopted  for  regulation,  under  all  the  condi- 
tions of  supply.  Variations  of  level,  due  to  violent  winds,  will 
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occasionally  happen,  but  it  was  not  considered  that  they  would 
seriously  interfere  with  the  regulation  of  the  lake  level. 

The  effect  on  the  Niagara  river.  Lake  Ontario'  and  the  St  Law- 
rence river  will  not  be  objectionable,  while  the  depth  of  water 
will  be  increased  about  3 feet  in  Lake  Erie,  2 feet  in  Lake  St 
Clair  and  1 foot  hr  Lake  Huron. 

Xiagara  ship  canal.  The  project  for  a waterway  from  the  Great 
Lakes  to  the  Atlantic  tidewaters  suitable  for  transporting  the 
commerce  bf  the  upper  lakes  has  attracted  public  attention  for 
nearly  a century,  during  which  time  the  people  of  New  York  have 
maintained  that  such  a canal  must  be  built  directly  across  the 
State  in  order  to  aid  in  building  up  the  financial  and  commercial 
supremacy  of  New  York  city,  while  the  people  of  the  western 
states  have  considered  that  the  canal  should  be  constructed  on 
the  route  best  adapted  for  transporting  the  commerce  of  the 
country  tributary  to  the  Great  Lakes;  that  is  to  say,  everybody 
except  the  people  of  New  York  have  considered  that  the  prefer- 
able route  was  by  a Niagara  ship  canal  into  Lake  Ontario  at  the 
most  convenient  point,  and  from  thence  through  Lake  Ontario  to 
Oswego.  Even  in  1812,  before  the  construction  of  the  Erie  canal, 
the  authorities  of  the  territory  of  ^lichigan  resolved  unanimously 
that  in  their  opinion  the  canal  contemplated  by  the  Commission- 
ers of  Internal  Navigation  of  the  State  of  New  York  would  not  be 
so  desirable  as  a canal  around  Niagara.  To  this  the  New  York 
Commissioners  replied  that  they  had  too  much  respect  for  the 
authorities  of  Michigan  to  suppose  they  had  given  such  opinion 
without  information  and  consideration,  and  therefore  the  New 
York  Commissioners  inferred  that  the  information'  received  was 
either  not  founded  in  fact,  or  that  not  having  turned  their  atten- 
tion to  the  subject  of  canals,  the  authorities  of  Michigan  were  not 
well  qualified  to  judge.^ 

It  is  certain  that  the  St  Lawrence  river  is  the  natural  outlet 
and  the  line  of  least  resistance  for  a waterway  from  the  Great 
Lakes  to  tidewater. 

A waterway-  large  enough  to  transport  the  tonnage  of  the  lakes 
can  be  constructed  by  way  of  Lake  Ontario  for  less  cost  than  by 
any  other  route.  Moreover,  a steamer  will  traverse  it  in  about 
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three  quarters  of  the  time  required  on  a direct  waterway  from 
Lake  Erie  to  the  Mohawk.  The  matter  therefore  takes  this  form : 
If  it  is  desired  to  develop  a waterway  best  subiserving  the  inter- 
ests of  the  lake  commerce,  the  route  should  be  through  Lake 
Ontario  and  a ship  canal  from 'Lake  Erie  to  Lake  Ontario  would 
be  an  essential  part  of  it. 

Five  surveys  have  been  made  for  a canal  on  the  American  side 
from  Lake  Erie  to  Ontario,  in  most  of  which  only  two  routes 
have  been  considered — one  from  Niagara  river  above  the  falls  at 
Lasalle  to  below  the  falls  at  Lewiston,  thence  by  the  Niagara 
river  to  Lake  Ontario;  and  the  other  from  Tonawanda  to  Lake 
Ontario  at  Olcott.  These  surveys  contemplated  the  use  of  the 
Niagara  river  from  Lake  Erie  to  the  entrance  of  the  canal  as 
part  of  the  route. 

The  Board  of  Engineers  on  Deep  Waterways  studied  two  routes 
for  the  Niagara  ship  canal.  Both  of  these  begin  at  deep  water 
in  Lake  Erie  and,  running  through  Black  Rock  harbor  to  near  the 
head  of  Squaw  island,  lock  down  to  the  river  level  and  then 
follow  the  general  course  of  the  river  to  Tonawanda  and  Oayuga 
island,  just  off  the  village  of  Lasalle,  at  which  points  the  two 
waterways  leave  the  river. 

Lasalle-Lewiston  route.  The  Lasalie-Lewiston  route  continues 
from  Lasalle  to  within  half  a mile  of  the  foot  of  lock  No.  2, 
above  Lewiston.  The  route  then  passes  down  the  bluff  to  the 
Niagara  below  the  falls  half  a mile  below  Lewiston,  with  six 
double  locks,  each  of  40  feet  lift  and  two  locks  each  of  39.4 
feet  lift.  The  estimated  cost  of  the  30-foot  channel,  with  Lake 
Erie  regulated,  is  |73,435,000.  Estimating  with  reference  to 
standard  low  water,  the  estimated  cost  for  a 30-foot  channel 
is  175,084,000.  The  estimate  for  a 21-foot  channel  with  Lake 
Erie  regulated  is  |42,393,000  and  for  a 21-foot  channel  with 
standard  low  water  the  estimated  cost  is  |43, 214,000. 

Tonaivanda-Olcott  route.  This  route  leaves  the  Niagara  river 
at  Tonawanda  and  continues  at  the  level  of  the  river  to  just 
west  of  Lockport,  from  which  point  it  descends  to  Eighteenmile 
creek,  one  mile  from  Lake  Ontario,  following  the  valley  of  that 
creek  to  Lake  Ontario.  The  descent  is  accomplished  by  two 
single  and  three  double  locks  of  40  feet  lift  each;  one  single 
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lock  of  30.5  feet  lift,  and  three  double  locks,  of  30  feet  lift,  each. 
The  proposed  harbor  at  Olcott  is  a widening  of  Eighteenmile 
creek  to  the  width  of  400  feet  from  the  last  lock  to  the  lake, 
the  entrance  being  protected  by  breakwaters.  The  estimated 
cost  of  the  Tonawanda-Olcott  route  for  a 30-foot  channel,  with 
Lake  Erie  regulated,  is  |75,572,000,  and  with  standard  low 
water  the  estimated  cost  of  a 30-foot  channel  is  |77, 221,000. 
The  estimate  for  a 21-foot  channel,  with  Lake  Erie  regulated, 
is  148,454,000,  and  with  standard  low  water  the  estimated  cost 
for  a 21-foot  channel  is  |49, 275,000. 

As  to  the  relative  value  of  these  two  routes,  it  is  stated  that 
a steamship  of  19  feet  draft  in  the  21-foot  channel  would  con- 
sume one  hour  and  nine  minutes  more  time  between  Buffalo 
and  a point  common  to  the  two  routes  in  Lake  Ontario  in  trav- 


Fig.  C)1  Earth  section  of  proposed  1.500-ton  Barge  canal. 


ersing  the  Tonawanda-Olcott  route  than  in  Lasalle-Lewiston 
route,  and  that  in  a 30-foot  channel  a steamship  of  27  feet  draft 
would  be  one  hour  and  forty-three  minutes  longer  by  the  Tona- 
wanda-Olcott route.  The  cost  of  maintenance  of  the  Lasalle- 
Lewiston  route  would  be  less  than  for  the  Tonawanda-Olcott 
route.  It  is  therefore  evident  that  economy  in  original  con- 
struction, transportation  and  time  of  passage  for  ships  deter- 
mine the  Lasalle-Lewiston  route  as  preferable. 

Oswe'go-Mohawk  route.  From  Lewiston  vessels  pass  through 
the  deep  lower  Niagara  river  to  the  mouth  at  Queenstown,  from 
whence  the  route  is  by  open  water  of  Lake  Ontario  to  Oswego, 
112  miles,  at  which  place  the  line  leaves  Lake  Ontario  fromi  an 
artificial  harbor  to  be  constructed  about  one  mile  west  of  Oswe- 
go river.  It  then  passes  through  the  westerly  limits  of  the 
city  of  Oswego  to  a dam  above  Minetto,  where  the  deep  water- 
way joins  the  river,  85.6  feet  above  Lake  Ontario.  This  differ- 
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cnee  in  level  will  b(‘  overeome  by  four  locks  of  21.4  feet  lift 
each.  From  ]\Iiiietto  the  line  follows  the  river  to  the  northern 
edge  of  the  village  of  Fulton,  where  it  enters'  the  valley  of  a 
small  creek^  and  continues  across  swamp  and  sand  reaches  to 
Oneida  lake. 

Two  dift'erent  projects  for  connecting  waterways  from  Oswego 
river  to  the  Mohawk  have  been  examined — the  first  of  these 
with  the  summit  level  410  feet  above  tide,  with  a water  supply 
to  be  furnished  through  a feeder  from  reservoirs  on  the  Black 
and  Salmon  rivers,  and  the  second,  with  a summit  level  the 
same  as  that  of  Oneida  lake,  879  feet  above  tide.  For  a water- 
way having  a high  summit  level  across  the  divide  between 
Oneida  lake  and  the  Mohawk  river,  it  is  proposed  to  estahlish  the 


Fij;.  02  Earth  section  of  Barj^e  canal  recommended  by  Canal  Committee. 
Width  of  bottom  of  canal  75  feet. 


low-water  level  of  the  lake  at  37r)  -hT.  W.,  while  for  the  project 
having  the  lake  for  the  summit  level,  low  water  will  be  estab- 
lished at  879  feet  + T.  W.  For  the  project  having  a high  summit 
level  it  is  proposed  to  overcome  the  45-foot  rise  from  the  Oswego 
river  at  Fulton  to  Oneida  lake  by  two  locks  with  22.5  feet  lift 
each,  while  for  the  latter  project  there  will  be  two  locks  of  18 
feet  lift  each,  and  one  with  varying  lift  from  12  to  19  feet, 
according  to  the  stage  of  Oneida  lake. 

In  regard  to  the  high-level  project,  the  summit  of  the  divide 
near  Rome  is  about  480  feet  + T.  W.  The  deep  waterway  would 
cross  this  summit  with  a water  surface  elevation  of  416  feet. 
The  summit  level  would  be  nearly  14  miles  long  and  receive 
a water  supply  from  the  Black  river  feeder  at  or  near  its  western 
end,  three  miles  west  of  Rome,  from  which  point  the  line  would 
follow  in  a direct  course  to  Oneida  lake,  at  the  mouth  of  Fish 
creek.  The  eastern  end  of  the  summit  level  is  about  one  mile 
east  of  the  mouth  of  Oriskany  creek. 
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111  the  low  level  project  it  is  proposed  to  convert  Oneida  lake 
into  a storage  reservoir, and  Inuaitting  a channel  through  the  Koine 
divide,  navigation  at  lake  level  could  be  extended  to  the  Mohawk 
river  at  Frankfort,  a distance  of  seventy-two  miles  from  the  lock 
at  the  western  end  of  the  level,  2.5  miles  east  of  Fulton.  From 
Frankfort  to  the  Hudson  the  route  is  practically  a rectification 
of  the  Mohawk  river  to  Rotterdam  Junction,  thence  for  three  miles 
along  the  south  side  of  the  Mohawk  valley  and  across  the  divide 
to  the  head  of  the  Normans  kill,  which  stream  enters  the  Hudson 
a short  distance  below  Albany. 

The  water  supply  of  the  high  level  project,  including  evapora- 
tion, leakage,  Avaterpower,  waste,  etc.  is  taken  at  IGOO  cubic  feet 
per  second  for  a 30-foot  channel  and  at  1400  cubic  feet  per  second 
for  a 21-foot  channel.  In  order  to  provide  this  quantity,  a reser- 
voir was  located  in  the  valley  of  Black  river,  with  surface  area, 
when  full,  of  73  square  miles  and  an  impounding  capacity  of 
57,000,000,000  cubic  feet,  and  one  in  Salmon  river  valley  of  8.5 
square  miles  area  and  a storage  capacity  of  over  7,000,000,000 
cubic  feet.  Tlie  storage  of  tlie  Black  river  reservoir  would  be  suffi- 
cient to  maintain  a supply  except  in  periods  of  low  precipitation, 
Avhen  additional  supply  might  be  needed  from  the  Salmon  river 
reservoir.  The  Black  river  reservoir  also  provided  for  maintain- 
ing the  waterpower  on  Black  ri\:er  beloAv  the  reservoir. 

A study  was  also  made  of  an  alternative  tunnel  project  as  a 
substitute  for  the  feeder  line,  which  has  sufficient  merit  to  warrant 
further  investigation'.  This  tunnel  would  leave  the  south  end  of 
the  Black  river  reservoir  at  Lyon  Falls  and  open  into  the  upper 
Mohawk  at  the  village  of  North  Western,  a distance  of  20.5  miles 
from  the  reservoir,  and  thence  discharge  from  the  channel  of  the 
Mohawk  into  the  waterway  near  Rome.  It  is  considered  that  the 
tunnel  plan  would  be  preferable  because  the  amount  of  waste  and 
cost  of  maintenance  would  be  much  less  than  for  the  open  feeder. 
The  danger  of  accident  would  be  reduced  to  a minimum.  The 
costs  of  the  two  systems,  as  estimated,  are  approximately  the 
same. 

The  estimated  cost  for  a 30-foot  channel  on  the  high  level  pro- 
ject is  1195,870,000. 

For  the  low  level  project,  the  estimated  cost  of  a 30-foot  channel 
is  1199,926,000. 
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For  the  high  level  project,  the  estimated  cost  of  a 21-foot  chan- 
nel is  1151,165,000. 

For  the  low  level  project,  the  estimated  coist  for  a 21-foot  chan- 
nel is  1152,843,000. 

St  Lawrence-Champlain  route.  This  route  extends  from  the 
foot  of  Lake  Ontario  to  the  lower  end  of  the  Oswego-Mohawk 
route,  at  the  mouth  of  the  Normans  kill,  following  the  St  Law- 
rence river  from  Lake  Ontario  to  Lake  St  Francis ; from  Lake  St 
Francis  to  Lake  Champlain ; from  Lake  Champlain  across  the 
divide  between  that  lake  and  the  Hudson  river,  and  along  the  Hud- 


Earth  section. 

Fig.  63  Major  Symons’s  proposed  Ship  canal,  Lake  Erie  to  Hudson  river. 


son  river  to  the  junction  with  the  Oswego-Mohawk  route  below 
Albany. 

The  estimated  cost  for  a 30-foot  channel  is  |208,448,000,  while 
for  a 21-foot  channel  the  estimated  cost  is  |142,075,000. 

The  tidal  portion  of  the  Hudson  river  from  the  mouth  of  the 
Normans  kill  to  tidewater  at  New  York  would  require  some  work 
to  be  done,  although  for  a 21-foot  channel  the  river  is  mostly  deep 
enough.  The  work  on  this  section  below  the  Normans  kill,  for 
a 30-foot  channel,  is  estimated  at  |10,383,000  and  for  a 21-foot 
channel  at  |4,160,000. 

The  Board  of  Engineers  also  considered  the  intermediate  chan^ 
nels  of  the  lakes,  as  at  the  head  of  Lake  Erie,  at  Lake  St  Clair 
and  the  St  Clair  flats,  between  Lakes  Huron  and  Michigan,  etc. 
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These  several  improvements,  while  necessary  for  a complete  sys- 
tem of  navigation  of  the  Great  lakes  do  not  otherwise  speeially 
apply  to  the  State  of  New  York,  and  are  therefore  not  given  here. 
They  may  be  found  in  detail  in  the  report  of  the  board. 

The  utilization  of  natural  waterways.  Probably  the  particular 
feature  which  most  deserves  attention  in  the  deep  waterways  sur- 
veys is  that  they  are  a utilization  of  natural  waterways  and  not 
in  any  sense  artificial  channels.  Of  the  total  distance  from  Buf- 
falo to  New  York  (477  miles)  only  102  miles  are  in  standard 
canal  section,  and  98  miles  are  in  canalized  rivers  from  250  to 
1000  feet  in  width.  The  remaining  277  miles  are  in  open  lakes 
and  rivers,  where  a vessel  can  make  nearly  or  quite  as  good  time 
as  she  can  on  the  open  waters  of  Lake  Erie  or  Lake  Huron.  On 
the  Barge  canal  about  200  miles,  or  nearly  double  the  distance,  is 
in  artificial  channel. 

This,  taken  in  connection  with  the  liberal  size- adopted  for  the 
canal  section,  will  enable  vessels  to  make  a very  high  speed  on  this 
route.  The  estimates  have  been  worked  out  with  care,  from  the 
known  time  occupied  by  vessels  in  passing  the  Sault  lock  and  the 
St  Olair  canal,  checking  them  by  the  most  thorough  investigation 
of  all  available  data  of  the  speed  of  vessels  in  existing  ship 
canals.  The  result  shows  that  a vessel  of  11,700  tons  displace- 
ment and  8600  tons  of  cargo  capacity  would  take  64  hours  to 
make  the  passage  from  Buffalo  to  New  York  city,  477  miles. 
About  7 hours  are  required  for  the  passage  from  Buffalo  through 
the  Niagara  river  and  down  the  flight  of  locks  to  Lake  Ontario  ; 
11  hours  more  through  the  open  waters  of  Lake  Ontario  bring  the 
vessel  to  Oswego.  About  17  hours  are  then  required  for  the  pas- 
sage up  the  Oswego  valley  and  through  the  long  canal  section  to 
the  pools  of  the  Mohawk  river  (of  which  about  two  hours  are 
spent  in  traversing  the  open  waters  of  Lake  Oneida) . Then  9^^ 
hours  are  required  for  the  passage  down  the  Mohawk  valley;  8 
hours  for  the  paissage  from  there  to  the  Hudson,  and  12  hours  for 
the  run  down  the  Hudson  to  New  York.^ 

The  preferable  route.  The  following  in  regard  to  comparison 
of  the  waterways  is  taken  from  the  Report  of  the  Board  of 
Engineers : 


^Abstract  from  editorial  in  Engineering  News. 
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The  investigation  of  the  routes  for  a waterway  between  Lake 
Erie  and  Lake  Ontario  indicates  that  the  Lasalle-Lewiston  line 
can  be  constructed  at  less  cost  than  the  others,  and  can  be  tra- 
versed by  a type  carrier  between  points  common  to  all  the  routes 
in  less  time  than  by  the  other  routes. 

The  natural  harbor  at  the  mouth  of  the  Niagara  river  and  the 
comparatively  small  amount  of  restricted  channel  on  the  Lewiston 
line  make  it  a better  location  on  which  to  construct  a waterway 
than  the  route  from  Tonawanda  to  Olcott. 

The  route  from  Lake  Ontario  to  New  York  is  208  miles  farther 
by  the  St  Lawrence,  Lake  Champlain  and  the  Hudson  river  than 
by  the  Oswego,  Mohawk  and  Hudson  rivers,  but  has  292  feet  less 
lockage  than  the  Mohawk  low  level  and  360  feet  less  lockage  than 
the  Mohawk  high  level  routes. 

The  length  of  standard  canal  prism  is  practically  the  same  by 
each  route,  the  difference  in  distance  being  almost  entirely  in  the 
open  lake  and  river  portions  of  the  waterway. 

The  sailing  time  for  a type  carrier  is  twelve  hours  longer  by  the 
Champlain  route  than  by  the  Mohawk  route,  which  difference  is 
due  to  the  greater  time  required  to  sail  208  miles  farther  by  the 
former  than  to  make  eighteen  more  lockages  on  the  latter. 

The  comparative  values  of  the  two  routes  depend  largely  upon 
the  cost  to  construct  and  maintain  the  respective  channels,  the 
annual  traffic  capacity  of  each,  and  the  time  required  for  type 
carriers  to  make  round  trips. 

The  estimated  cost  of  the  21-foot  waterway  and  the  sailing 
times  between  terminals  are  based  on  locks  600  feet  long  and  60 
feet  wide.  If  the  locks  should  be  made  80  feet  wide  for  the  pur- 
pose of  passing  large  ships  from  the  lake  shipyards  to  the  Atlantic, 
the  estimated  cost  of  the  Mohawk  route  would  be  increased 
14,221,000  and  the  Champlain  route  |2,560,000,  the  annual  ca- 
pacity of  the  routes  slightly  diminished,  and  the  time  required 
for  making  round  trips  increased. 

Summit  level  water  supply.  The  following  in  regard  to  summit 
level  water  supply  for  a 30-foot  channel  is  from  the  report  to  the 
Board  of  Engineers : 

The  proposed  summit  level  of  the  Oswego-Mohawk  route,  with 
water-surface  elevation  of  416  feet  above  tide,  extends  a distance 
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of  71,900  feet  (13.02  miles).  The  water  surface  for  a 30-foot 
channel  in  earth  is  334  feet  wide,  and  for  a 21-foot  channel  310 
feet.  The  area  of  cross-section  of  a 30-foot  channel  is  8000  square 
feet  and  for  a 21-foot  channel  5500  square  feet. 

The  tributary  streams  may  be  relied  upon  to  keep  the  main 
channel  full  during-  the  winter  s(mson,  eyen  under  the  most  ad- 
yerse  conditions  of  winter  drought.  Filling  in  the  spring  may 
be  therefore  left  out  of  the  account,  and  the  problem  is  accord- 
ingly simplified  to  a determination  of  the  quantity  required  to 
supply  lockages,  eyaporation,  percolation,  gate-and-sluice-leakage 
losses  and  wastage.  The  locks  at  the  ends  of  the  summit  leyel  are 
to  be  740  feet  in  length  by  80  feet  wide,  Ayith  lifts  of  20  feet.  Also, 
at  Little  Falls,  129,460  feet  (24.52  miles)  east  of  the  east  end  of 
the  summit  leyel,  there  are  to  be  duplicate  sets  of  tandem  locks, 
Ayith  total  lift  of  43  feet,  the  lock  chambers  being  740  feet  long  by 
GO  feet  in  width. 

West  Canada  creek,  which  has  a catchment  area  aboye  its 
mouth  of  569  square  aniles,  flows  into  the  Mohawk  river  at  Her- 
kimer. The  seyeral  small  streams  known  as  Crane  creek.  Keels 
creek,  Knapp  brook,  Budlong  creek,  Sterling  creek,  Bridenbacker 
creek  and  adjacent  territory  lying  on  the  north  side  of  the  Mohawk 
riyer  and  between  Plerkimer  and  the  east  boundary  of  Ninemile 
creek  area  liaye  a catchment  area  of  86  square  miles.  To  the 
east  of  Herkimer,  on  the  north  side  of  the  Mohawk  riyer,  Beayer 
)brook  and  adjacent  territory  haye  15  square  miles,  while  on 
the  south  side,  between  Utica  and  Little  Falls,  Ballou  creek. 
Factory  creek,  Ferguson  creek,  ^leyer  creek,  Steele  creek,  Fulmer 
creek  and  adjacent  territory  haye  a catchment  area  of  139  square 
miles.  The  total  catchment  area  tributary  to  the  main  deep 
waterway  between  Little  Falls  and  the  east  end  of  the  suimmit 
k-yel  is  therefore  (569  + 86  + 15  + 139)  = 809  square  miles.  This 
area  iinay  be  expected  to  yield  froni  150  to  200  cubic  feet  of 
water  per  spcond  in  a dry  time,  which  will,  it  is  believed,  be 
ample  for  the  various  losses  and  small  additional  lockage  re- 
quirement on  the  reach  of  canal  between  the  east  end  of  the 
summit  level  and  the  double  locks  at  Little  Falls. 

According  to  data  furnished  by  the  Board  of  Engineers,  the 
annual  traffic  is  assumed  at  25,000,000  tons,  with  an  assumed 
tonnage  per  lockage  for  a 30-foot  channel  of  3000  tons  and  for  a 
21-foot  channel  a tonnage  per  lockage  of  2500  tons. 

The  question  of  water  supply  of  canals  has  been  so  fully  dis- 
cussed elsewhere  as  to  make  it  impossible  to  add  very  much 
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thereto  at  this  time.  So  far  as  the  United  States  is  concerned, 
experience  on  the  Erie  canal  in  New  York  State  is  the  most  ex- 
tensive of  any.i 

From  the  foregoing  data  of  annual  traffic  and  tonnage  per  lock- 
age we  have  a total  lockage  per  year  of  8333,  and  adding  the  usual 
50  per  cent  for  two  ends  of  summit  level,  4167,  we  have  a total 
number  of  lockfuls  of  water  of  12,500. 

Assuming  222  daj^s  of  navigation,  we  have  the  following: 

Yolume  of  one  lockful  =(740  x SO  x 20)=  1,184,000  cubic  feet. 

For  mean  water  supply  per  second,  we  have: 


12,500  X 1,184,000 
222  X 24  X 3,600 


= 772  cubic 


feet, 


or,  for  even  figures,  we  may  place  tlie  lockage  requirement  at 
800  cubic  feet  })er  second.  The  foregoing  quantity  of  800  cubic 
feet  pel’  second  expenditure  of  water  for  lockage  is  based  upon 
absolutely  uniform  distribution  of  vessels,  both  as  to  direction 
and  season.  As  a modifying  factor  we  should  take  into  account 
tliese  elements : 

1)  Since  the  feeder  has  no  storage  in  the  vicinity  of  the  main 
canal  a draft  in  excess  of  the  mean  quantity  must  be  drawn  from 
the  main  channel  itself. 

2)  There  will  be  a tendency  to  more  lockage  in  daylight  than 
at  night. 

3)  In  the  spring  of  the  year,  on  account  of  the  preponderance 
of  the  grain  trade,  tlie  larger  jiroportion  of  movement  will  prob- 
ably be,  for  a time,  from  west  to  east.  At  other  seasons  there 
are  likely  to  be  times  when  the  traffic  will  be  in  excess  in  one 
direction.  The  estimate  of  one  and  one  half  lockfuls  of  water 
for  each  vessel  passing  the  summit  is  based  on  uniform  distri- 
bution of  the  traffic,  otherwise  two  lockfuls  per  vessel  passing 
is  required.  The  proper  addition  to  the  lockage  requirement  on 
account  of  such  irregularity  can  not  be  definitely  determined 
until  one  has  statistics  of  the  actual  movement  covering  a series 
of  years.  In  the  absence  of  such  the  foregoing  may  be  pointed 
out  as  a reason  why  the  lockage  requirement  should  be  properly 
placed  somewhat  larger  than  the  theoretical  figure. 


^For  these  data  reference  may  be  made  to  the  section  on  Loss  of  Water 
from  Artificial  Channels  in  this  report.  There  are  a number  of  other  refer- 
ences, as  Water  Supply  of  Western  Division  of  Erie  Canal,  etc.  The  Barge 
Canal  Report  contains  a resume  of  the  preceding,  together  with  the  Euro- 
pean data,  etc. 
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The  table  of  evaporation  from  a water  surface,  as  observed  at 
the  Mount  Hope  reservoir  of  the  Kochester  Waterworks,  shows 
that  for  the  navigation  months,  April  to  November  inclusive, 
evaporation  ranges  from  1.33  inches  in  November  1897,  to  6.85 
inches  in  July  1898.  The  water  surface  of  the  proposed  summit 
level  is  so  small  as  to  make  evaporation,  even  in  the  maximum 
month,  hardly  worth  taking  into  account.  At  6.85  inches  for  the 
month  the  evaporation  on  the  summit  level  becomes,  roundly,  5 
cubic  feet  per  second.  In  order  to  give  evaporation  some  value  in 
the  estimate  of  total  water  supply  we  will  take  it  at  from  5 to  10 
cubic  feet  per  second. 

There  is  no  rational  method  of  estimating  percolation  loss  for  a 
canal  under  the  conditions  which  exist  in  the  Mohawk  valley.  The 
drainage  is  all  towards  the  valley,  and  at  first  thought  it  might 
appear  tliat  percolation  was  a negligible  quantity.  However,  if 
we  consider  that  the  total  water  supply,  as  estimated  for  the 
summit  level,  takes  into  account  the  entire  yield  of  the  catchment 
area  tributary  to  the  main  channel,  and  further  consider  that  the 
channel,  as  located,  has  its  Avater  surface  for  a considerable  dis- 
tance several  feet  aboA^e  the  ordinary  Avater  plane  of  the  MohaAvk 
river  and  Wood  creek  in  their  natural  condition,  we  may  conclude 
that  percolation  ought  not  to  be  entirely  neglected,  more  specially 
because  the  soils  in  the  MohaAvk  bottom  are  open  and  porous,  and 
Avithout  some  method  of  consolidation  of  the  natural  soils,  which 
does  not  now  occur  to  the  Avriter,  can  be  devised,  there  is  likely 
to  be  considerable  loss  from  percolation.  By  Avay  of  showing  the 
relation  of  water  surface  of  the  summit  level  to  ordinary  water 
levels  in  the  MohaAvk  river  and  Wood  creek  the  folloAving  data  are 
cited : 

At  a distance  of  17,000  feet  east  of  Rome  the  ordinary  Avater 
surface  of  the  MohaAvk  riA^er  is  at  an  elevation  of  415,  or  the  same 
as  water  surface  of  the  summit  level ; 24,000  feet  east  of  Rome  it  is 
413;  32,000  feet  east  it  is  408;  41,000  feet  east,  404,  and  47,000  feet 
east,  401. 

At  17,500  feet  Avest  of  Rome  the  ordinaiw  water  surface  of  Wood 
creek  is  at  414,  or  one  foot  loAA^er  than  the  summit  level ; at  21,500 
feet  AA^est  of  Rome  it  is  408,  and  at  25,500  feet  Avest,  398. 

The  Avriter  has  no  Avay  of  demonstrating  the  proposition, 
although  it  seems  clear  enough  to  him  that  Avith  an  open,  porous 
soil  the  i)ercolation  from  the  canal  at  points  Avhere  the  summit 
level  is  raised  someAvhat  above  the  ordinary  water  leA^el  of  the 
Mohawk  river  and  Wood  creek  will  be  considerable.  The  porous 
soils  of  these  valleys  Avill  take  up  water  like  a sponge,  making 
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considerable  areas  from  which,  due  to  a luxuriant  vegetation,  the 
summer  evaporation  mav  be  as  much  as  (iO  inches  over  the  actual 
ground  area  atfected.  The  land  damage  on  these  areas  will  be 
considerable  and  should  be  taken  into  account  in  the  estimate. 
In  dry  years,  with  a total  rainfall  from  dune  to  Xovember  inclu- 
sive of  from  8 to  12  inches,  the  amount  required  to  keep  up  this 
great  evaporation  must  come  by  percolation  from  a deep  water- 
way channel.  If  we  assume  an  area  of  10  square  miles  as  atfected, 
the  amount  of  water  required  to  keep  up  constant  evaporation  on 
the  basis  of  (>0  inches  for  the  navigation  season  would  be  nearly 
80  cubic  feet  per  second,  or,  even  if  we  consider  the  area  atfected 
as  not  exceeding  5 square  miles  and  take  into  ac'count  the  loss  into 
the  old-water  channels,  it  seems  rational  to  allow  i)ercolation  from 
summit  level  of  To  to  100  cubi(*  feet  ])er  second. 

Leakage  at  gates  and  structures  is  a very  uncertain  element. 
Liider  ordinary  conditions  the  gates  ought  to  be  Avorked  Avithout 
very  much  leakage.  The  data  furnished  indicate  a probable  loss 
from  this  source  of  ])erhaj)s  bO  to  80  (uibic  feet  i)er  second. 

A considerable  amount  of  power  will  be  recpiired  at  each  lock 
for  oj)erating  gates  and  for  electric  light  at  night.  A conserva- 
tiA'e  allowance  for  this  ])urj)Ose  seems  to  be  from  20  to  25  cubic 
feet  iier  second'at  eacli  end  of  summit  level,  or  a total  of  40  to  50 
cubic  feet  per  second. 

On  the  Erie  canal  considerable  time  is  saved  by  flushing  boats 
out  of  the  locks  on  to  the  lower  levels  by  letting  Avater  through  the 
gates  from  above.  The  Avriter  do(‘s  not  understand,  however,  that 
this  })ractice  is  s])ecially  applicable  to  locks  ])assing  boats  carry- 
ing their  own  poAver.  In  order  to  accommodate  local  traffic  it  is 
l)robable,  CA^en  though  deep  AVCderAvays  should  be  constructed  on 
substantially  the  line  under  ( onsideration,  that  the  Erie  canal 
Avould  be  maintained  on  its  ])i*esent  line  from  near  Rome  to  Buf- 
falo. Independent  of  other  considerations,  this  aaouKI  lead  to  ('on- 
siderable  traffic  on  deep  AvaterAvays  in  the  Avay  of  barges,  timber 
rafts  and  fleets  of  caiml  boats,  the  handling  of  Avhich  Avill  probably 
be  more  or  less  exjjedited  by  a reasonable  use  of  Avater  for  flushing 
out  on  to  the  loAA^er  levels.  As  a matter  of  judgment  purely,  this 
item  has  been  j)la(‘ed  at  from  .50  to  (50  cubic  feet  per  second,  al- 
though by  the  use  of  nie(‘hanical  arrangements  for  doing  this  Avork 
the  quantity  of  water  could  be  materially  reduced,  flushing  being 
in  any  case  an  uneconomical  method  of  aj)])lying  pOAver. 

In  order  to  ]jass  the  large  flood  floAvs  of  the  upper  Mohawk  Avith- 
out great  fluctuation  of  the  Avater  surface,  it  Avill  be  necessary  to 
}>rovide  from  2000  to  2.500  linear  feet  of  sjulLvay  at  each  end  of 
the  summit  IuatO,  and  over-Avhich,  AvlieneATu*  there  is  any  interrup- 
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tion  of  uiiiforni  distribution  of  lockages,  there  must  necessarily  be 
considerable  waste.  Taking  into  account  the  actual  water-surface 
area  of  the  summit  level  of  (71,900  x 834)  = 24,014,000  s(iuare  feet, 
and  assuming  alT  inflow  of  1300  cubic  feet  per  second,  without  any 
outflow,  the  increase  in  depth  per  hour  becomes  0.19  foot,  or  in 
three  hours  the  increase  in  de])th  would  become  0.5<S  foot.  How- 
ever, if  there  were  no  lockages  for  three  hours,  the  depth  would 
not  increase  as  rapidly  as  this  because  of  the  leakage  at  gates  and 
.sluices  and  wastage  on  the  spillways.  In  order  to  illustrate  this 
matter  we  may  consider  the  following  tabulation,  in  which  the 
heads  are  given  in  inches  and  feet.  The  coefficient  used  for  the 
computation,  as  derived  from  Bazin’s  experiments,  is  applicable 
to  a flat-crested,  or  nearly  Hat-crested,  weir  from  6 to  7 feet  wide. 
The  quantity  of  discharge,  Q,  in  cubic  feet  per  second,  is.  giA^en  per 
linear  foot  of  crest  and  also  for  2590  feet  of  crest. 

Q per  linear  foot  Q for  2500  1 eet 


of  crest,  in  of  crest,  in 
Head  cubic  feet  per  cubic  feet 

Inches  Feet  Coefficient  second  per  second 

1 0.083  2.20  0.053  133 

2  0.107  2.20  0.150  375 

3 0.250  2.35  0.294  735 

4 0.330  2.42  0.459  1,148 

5 : 0.417  2.47  0.005  1,003 


It  ajijiears  from  the  foregoing  that  Avhen  the  Avater  rises  to  a 
depth  of  only  one  inch  on  such  a crest,  the  discharge  over  2500 
linear  feet  Avould  become  133  cubic  feet  }>er  second,  Avlijle  for 
tAvo  inches  depth  it  becomes  375  cubic  feet  iier  second,  and  for 
three  inches  depth,  735  cubic  feet  jier  second,  and  so  on  up  to 
1003  cubic  feet  jier  sec'ond  for  a depth  of  live  inches.  HoAvever, 
the  Avastage  aa^ouM  be  less  than  these  figures  indicate,  because 
of  the  outfioAV  from  leakage  and  the  Avastage  over  the  (*rest. 
Under  the  existing  conditions  of  the  ju'ojiosed  deep  AAmterAAmys 
summit  level,  Avhenever  there  is  an  interval  of  tAA^o  or  three 
hours  Avithout  lockages  the  Avastage  over  the  long  spillAAmys  at 
the  ends  of  the  level  Avill  amount  to  several  hundred  cubic  feet 
jier  second.  This  quantity  may  probably  be  redm-ed  someAvhat  by 
the  use  of  fiashboards,  to  be  set  in  jilace  and  taken  oft*  as  neces- 
sary, although,  in  vieAV  of  the  sudden  flood  rises  of  the  MohaAvk 
river  and  consequent  necessity  for  removing  the  fiashboards  fre- 
quently, the  Avriter  considers  that  such  remedy  Avould  be  some- 
Avhat unsatisfactory.  The  safer  Avay,  Avithout  doubt,  is  to  provide 
a liberal  AA^astage  requirement.  On  this  basis,  from  150  to  250 
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cubic  feet  per  second  has  been  assumed.  Bringing  these  several 
items  of  summit  water  supply  together  we  have  the  following: 

^Cubic  feet  per  second 


1)  Lockages  800  800 

2)  Evaporation 5 to  10 

3)  Percolation  75  to  100  , 

4j  Leakage  at  gates,  etc 60  to  80 

5)  Power  and  electric  lights 40  to  50 

6j  Flushing  out  canal  boats,  barges  and  timber 

rafts  50  to  60 

7)  Wastage  at  spillways 150  to  250 


Total  1,180  to  1,350 

8)  Feeder  losses 300  to  600 


Final  total 1,480  to  1,950 


Proceeding  on  similar  lines  of  discussion  for  water  supply  of 
summit  level  for  a 21-foot  channel,  it  is  concluded  that  from  1215 
to  1600  cubic  feet  i)er  second  would  be  required — ^or  as  a mean, 
the  quantity  may  be  fixed  upon  as  1400  cubic  feet  per  second, 
including  feeder  losses. 

The  water  supply  for  a low-level  ship  canal  may  be  fixed  at 
from  1000  to  1100  cubic  feet  per  second,  which  could  be  furnished 
from  storage  of  Oneida  lake. 

The  deep  waterways  surveys  were  executed  in  1898-99. 

- The  Canadian  canals.  In  discussing  canal  projects  as  applying 
to  the  State  of  New  York  it  ought  not  to  be  overlooked  that 
there  is  now  a waterway  14  feet  in  depth  through  Canada,  by 
way  of  the  Welland  canal,  connecting  Lake  Erie  with  Lake  Ontario 
and  the  several  canals  around  the  rapids  of  the  St  Lawrence 
river,  to  tidewater  at  Quebec.  These  canals  have  been  in  exist- 
ence a number  of  years,  but  they  have  never  been  in  any  sense 
competitors  of  the  New  York  canals,  largely  because  the  river 
and  Gulf  of  St  Lawrence  are  a region  of  fogs,  which  necessarily 
will  always  make  the  St  Lawrence  route  an  objectionable  one. 
The  river  St  Lawrence  must  be  thoroughly  marked  by  light- 
houses and  buoyS;,  and  even  after  this  is  done  there  will  remain 
a thousand  miles  of  difficult  navigation  from  Montreal  to  the 
open  ocean. 
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The  present  Canadian  canals  are,  as  stated,  only  14  feet  in 
depth,  although  two  projects  for  21-foot  canals  are  considerably 
talked  of  at  the  present  time. 

The  first  of  these  is  the  Georgian  bay  canal  through  Lake 
Simcoe  to  Lake  Ontario  near  Toronto.  This  proposed  canal  is 
only  about  one  hundred  miles  in  length,  from  Georgian  bay  to 
Lake  Ontario,  of  which  fifteen  miles  are  in  Lake  Simcoe,  leaving 
about  eighty-five  miles  of  actual  canal  construction.  The  eleva- 
tion of  Lake  Simcoe  is  714  feet  above  tide,  or  134  feet  above 
Georgian  bay.  The  mean  elevation  of  Lake  Ontario  may  be 
taken  at  247  feet,  or  it  is  467  feet  below  Lake  Simcoe.  The  total 
lockage  on  this  canal,  therefore,  is  roundly  600  feet.  There  is 
a very  heavy  cut  through  ridges  both  at  the  west  and  east  of 
Lake  Simcoe.  The  cut  to  the  west  is  ninety  feet  in  depth  and 
seven  miles  long.  The  cut  to  the  east  is  200  feet  in  depth,  and 
about  eleven  miles  long.  The  quantities  in  these  two  cuts  are 
about  double  those  of  the  Culebra  cut  on  the  Panama  canal. 
The  difficulties  of  taking  out  this  cut  are  known  to  everybody, 
although  it  is  conceded  that  difficulties  due  to  climate  would  not 
tend  to  delay  the  work  in  Canada,  as  they  have  on  the  Isthmus 
of  Panama.  The  flight  of  locks  from,  Lake  Simcoe  to  Lake 
Ontario  would  be  perhaps  twelve  in  number,  with  a lift  at  each 
lock  of  a little  less  than  forty  feet,  while  from  Lake  Simcoe  to 
Georgian  bay  there  would  be  four  locks,  or  sixteen  in  all.  So 
far  as  known,  no  estimate  of  the  cost  of  this  canal  has  been 
made,  but  it  can  not  fail  to  be  exceedingly  expensive. 

The  second  Canadian  project  to  which  attention  is  directed  is 
that  known  as  the  Montreal,  Ottawa  and  Georgian  bay  canal, 
by  way  of  French  river,  Lake  Nipissing,  Matawan  and  Ottawa 
rivers,  connecting  Georgian  bay  with  the  St  Lawrence,  near 
Montreal.  It  is  proposed  to  canalize  these  streams.  The  dis- 
tance from  Georgian  bay  to  the  St  LaAvrence,  at  Montreal,  is 
425  miles,  and  there  would  be  twenty-nine  locks,  as  proposed. 
Lake  Nipissing,  the  summit  level,  is  forty-six  feet  above  Georgian 
bay  and  640  feet  above  the  St  Lawrence  river,  at  Montreal.  The 
estimated  cost  of  this  canal  is  |80,000,000.  A company  has  been 
formed  to  construct  it,  and  it  is  stated  that  they  have  been 
merely  waiting  to  see  what  turn  the  barge  canal  project  would 
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tak(‘  ill  the  State  of  New  York.  It  is  understood  now  that  they 
are  preparing-  to  bnild'  this  canal. 

hen  the  AA^dland  (*anal  was  opened  it  would  accommodate 
most  of  the  lake  vessels  of  that  day,  but  since  then  the  size  of 
lake  vessels  has  greatly  increased — the  cost  of  miming  larger 
vessels  being  less  in  proportion — so  that  there  is  now  a con- 
siderable fleet  shut  in  between  Buffalo  and  Port  Oolborne.  The 
barge  canal  having  carried  in  New  York,  the  Canadians  are  now 
contemplaling  a radical  improvement  to  the  Welland  canal,  and 
jn-eliminary  thereto  are  spending  |2, 000,000  at  Port  Oolborne, 
tin*  Lake  Erie  end  of  Welland  canal,  in  harbor  improvements, 
th(‘  intention  being  to  deepen  the  harbor  to  accommodate  boats 
drawing  20  feet  of  water. 

The  project  is  also  being  actively  agitated  to  reconstruct 
Welland  canal,  making  it  deep  enonoh  to  take  boats  of  20  feet 
draft.  The  fall  from  Lake  Erie  to  Lake  Ontario  is  326  feet, 
which  is  now  mad(‘  by  twenty-five  locks.  It  is  proposed  to  re- 
coiistriict  these,  making  seven  or  eight  locks  instead,  each  lock 
to  b(‘  650  feet  by  65  feet  and  22  feet  on  the  sills.  It  is  estimated 
that  such  an  enlargement  can  be  completed  in  four  years  at  a 
cost  not  exceeding  about  125^000,000. 

This  i)roject  is  advocated  by  the  Dominion  Marine  Association 
and  by  the  St  Catherine  and  Thorold  Boards  of  Trade.  In  case 
the  Welland  canal  is  enlarged  as  proposed,  the  deepening  of  the 
Kt  Lawrence  route  to  20  feet  would  then  be  a comparatively 
small  matter. 


Recent  Canal  Projects  in  New  York. 

Report  of  the  Committee  on  Canals  of  New  Yorlc.  On  March  8, 
1899,  Governor  Roosevelt  appointed  Francis  V.  Greene,  George  E. 
Green,  John  W.  Scatcherd,  Thomas  W.  Symons,  Frank  S.  With- 
erbee,  Edward  A.  Bond  and  John  N.  Partridge  a committee  on 
canals  to  consider  the  whole  (piestion  and  to  advise  the  State  of 
New  York  as  to  what  policy  should  be  followed  with  reference  to 
the  canals.  In  the  letter  of  appointment  it  is  stated  that  the 
oj)inion  of  a body  of  experts  was  required  who  should  include  not 
merely  high-class  engineers,  but  men  of  business,  who  knew  the 
relative  advantages  and  disadvantages  of  ship  canals,  barge  canals 
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and  ordinary  shallow  canals  and  who  wore  ac(iuainted  with  the 
history  of  canal  transportation  as  atfected  by  the  competition  of 
railways  and  who  had  the  kiiowledj>e  that  would  enable  us  to 
protit  by  the  exjierience  of  other  countries  in  these  matters. 

This  committee,  which  AYas  knoAYii  as  the  Canal  Committee, 
reported,  under  date  of  Januaiw  15,  1000,  in  favor  of  enlarging  the 
canal  enough  to  take  a barge  of  1000  tons  capacity.  In  order  to 


FiS’.  ^>1  Earth  section  of  original  Erie  canal.  Width  of  bottom  of 
canal  20  feet. 

accomplish  this,  a canal  12  feet  deep  is  required,  75  feet  wide  at 
the  bottom  and  123  feet  tvide  at  Avater  surface. 

Seymour  pUui  for  enlargement  of  Erie  canal.  The  canal  im- 
provement of  1895  was  formulated  by  State  Engineer  and  Sur- 
veyor,  Horatio  Seymour,  Jr.,  in  1878. 

The  Canal  Committee  considered  the  Seymour  plan  and  re- 
ported that  the  (‘ost  of  completing  it  Avould  be  |12, 923,039.  This 
estimate  includes  the  Avork  required  to  deepen  the  prism  of  the 
canal  to  9 feet  and  to  give  not  less  than  8 feet  across  aqueducts. 


Fig’.  Oo  Earth  section  of  enlargement  of  Erie  canal  of  1862.  Width 
of  bottom  of  canal  o2  feet. 

mitre  sills,  culverts  and  other  permanent  structures,  and  for 
lengthening  and  improving  locks  remaining  to  be  lengthened. 
The  estimates  are  considered  large  enough  to  cover  the  increased 
cost  due  to  the  eight-hour  law  and  the  increase  in  cost  of  labor 
and  materials  and  for  engineering  and  inspection. 

The  Heymoiir- Adams  plan.  In  his  report  for  1896  State  Engi- 
neer Adams  proposed  an  extension  or  modification  of  the  original 
project  authorized  for  the  Erie  canal  under  the  |9,000,000  act.” 
His  proposition  Avas  to  obtain  a depth  of  9 feet  throughout  the 
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canal,  over  aqueducts,  structures,  etc.,  as  well  as  in  the  canal 
reaches,  and  to  lengthen  the  locks  by  changing  the  gates  so  as 
to  allow  their  use  by  boats  115  feet  long,  of  the  present  width, 
and  drawing  8 feet  of  water.  This  follows  the  present  route 
of  the  canal. 

This  would  enable  ordinary  boats  to  carry  400  tons  of  freight, 
and  a four-boat  steam  fleet  would  carry  1500  tons  of  freight,  or 
about  50,000  bushels  of  wheat.  So  far  as  known  no  definite 
estimate  was  made  by  Mr  Adams  of  the  cost  of  the  additional 
work  proposed.  The  estimated  cost,  however,  of  this  plan,  as 
made  by  the  Canal  Committee,  was  |15,068,048.  This  includes 
new  quadrant  buffer  steel  gates,  with  the  necessary  masonry  at 
each  lengthened  lock,  and  the  unlengthened  locks  to  be  improved 
to  correspond,  and  all  structures  to  be  given  such  depth  as  will 
admit  their  use  by  boats  drawing  8 feet  of  water. 

According  to  an  estimate  given  in  the  Report  of  the  Canal 
Committee  the  cost  per  ton  for  carrying  freight  on  this  canal 
from  Buffalo  to  New  York  would  be  50J  cents;  the  cost  per 
bushel  would  be  1.51  cents,  and  the  cost  per  ton  mile  would  be 
1 mill. 

Isfew  Erie  canal  proposed  hy  Canal  Committee.  In  considering 
the  enlargement  of  the  Erie  canal  to  9 feet,  the  Canal  Committee 
proposed  that  the  principal  features  of  the  Erie  canal  should  be  as 
follows : 

1)  The  prism  of  the  canal  to  be  left  at  its  present  width 
generally,  but  to  be  deepened  to  9 feet  throughout,  at  aqueducts 
and  structures  as  well  as  in  the  canal  levels,  and  to  be  put  into 
condition  for  use  by  boats  of  the  present  width  and  drawing 
8 feet. 

2)  Three  important  changes  in  the  route  of  the  canal  to  be 
adopted.  The  first  and  greatest  change  is  to  deflect  the  canal 
from  a point  just  east  of  Clyde  into  the  Seneca  river,  follow  down 
the  river  to  its  junction  with  the  Oneida  river,  thence  follow  up 
the  Oneida  river  to  Oneida  lake,  through  Oneida  lake,  and  thence 
by  canal  up  the  valley  of  Wood  creek  and  to  the  present  Erie 
canal  near  New  London,  making  several  river  cut-offs  to  shorten 
distance  and  give  better  alignment. 
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The  second  change  is  to  do  away  with  the  two  aqueducts  across 
the  Mohawk  river  and  the  portion  of  the  canal  in  Saratoga  county. 
This  is  to  be  done  by  throwing  the  canal  into  the  Mohawk  at 
Rexford  Flats,  and  following  down  the  river  to  the  vicinity  of 
the  great  falls  of  the  Mohawk  at  Cohoes. 

The  third  change  is  at  the  West  Troy  side-cut  where,  instead 
of  the  awkward  right  angle  turn  requiring  even  small  boats  to 
uncouple,  a diagonal  deflection  is  made  which  will  enable  fleets 
to  pass  directly  and  conveniently  into  the  Hudson  without 
breaking  up. 

3)  Pneumatic  or  other  mechanical  locks  or  appliances  for 
the  passage  of  boats  to  be  provided  at  Cohoes  and  Lockport,  and 
possibly  at  Newark.  All  other  locks  (one  of  each  pair)  to  be 
lengthened  and  enlarged  to  take  in  two  boats  of  125  feet  length, 


Fig.  6G  Earth  section  of  improvement  of  Erie  canal  suggested  by  Canal 
Committee.  Width  of  bottom  of  canal  49*  feet. 

8 feet  draft,  and  of  the  present  width.  The  locks  to  be  provided 
with  water-power  generating  apparatus  wherever  necessary,  with 
steel  quick-acting  quadrant  gates,  equipped  with  spring  buffers, 
or  other  gates  equally  good,  with  power  capstans  at  each  end  of 
the  lock  for  pulling  the  boats  in  and  out,  and  generally  with  every- 
thing of  the  most  modern  and  up-to-date  character.  The  other 
small  lock  of  each  pair  of  locks  to  be  lengthened  to  take  in  one 
boat  125  feet  long. 

On  a canal  by  this  plan  the  cost  per  ton  for  carrying  freight 
from  Buffalo  to  New  York  would  be  44  cents ; the  cost  per  bushel, 
1.32  cents,  and  the  cost  per  ton  mile,  0.88  mill. 

The  enlarged  canal.  ^ After  giving  due  consideration  to  the  vari- 
ous features  of  the  problem,  the  Oanal  Committee  decided  that  if 
the  canal  were  to  be  materially  enlarged  its  new  dimensions 
should  be  such  as  would  fit  it  for  fise  by  barges  of  150  feet  length, 
25  feet  width,  and  10  feet  draft  of_  water,  with  all  locks  arranged 
to  take  in  two  boats  coupled  together  tandem. 
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The  route  deemed  most  desirable  for  such  a canal  from  Lake 
Erie  to  the  Hudson  river  is  to  follow  the  present  line  of  the  Erie 
canal  with  minor  diversions  from  ILitfalo  to  just  east  of  Clyde, 
(hen  to  detlect  into  the  Seneca  river,  and  follow  down  this  river 
and  up  Oneida  river  through  Oneida  lake,  and  by  the  valley  of 
Wood  creek  to  the  line  of  the  Erie  canal  near  New  London.  The 
two  aqueducts  across  the  ^Johawk  would  also  be  done  away  with 
and  the  canal  thrown  into  the  river,  and  at  West  Troy  side-cut 
the  location  would  be  changed  to  better  the  debouchment  into  the 
Hudson.  This  canal  would  recpiire  the  rebuilding  of  all  the  locks 
on  the  portion  of  the  Erie  canal  retained,  substituting  at  Cohoes, 
Lockport  and  possibly  at  Newark,  ])neuniatic  or  other  mechanical 
locks  for  those  now  existing,  building  new  locks  on  the  Seneca- 


Fig.  07  P];irtli  section  of  Erie  canal  from  Black  Rock  to  Tonawanda. 


Oneida  and  lower  Mohawk  portions  of  the  route,  and  deepening 
and  widening  the  prism  of  the  canal  to  give  a waterway  .of  not 
less  than  1000  square  feet  cross-section. 

lly  such  a canal  the  cost  ]>er  ton  of  carrying  freight  from 
Buffalo  to  New  York  would  be  20  cents;  the  cost  per  bushel, 
0.8  cent,  and  the  cost  per  ton  mile,  0.52  mill. 

The  number  of  trips  which  can  be  made  annually  is  estimated 
at  nine  for  the  Seymour-Adams  j)lan,  and  at  ten  for  the  new  Erie 
canal  as  well  as  for  the  enlarged  canal. 

The  Canal  Committee  also  i-eported  that  the  work  on  the  Oswego 
canal  at  Phoenix  and  Oswego,  undertaken  in  1890,  should  be  com- 
pleted. The  cost  of  completing  the  Oswego 'Canal  was  estimated 
at  1818,000. 

The  Canal  Committee  recommended  that  the  Champlain  canal 
should  be  im])roved  to  the  full  extent  authorized  by  chapter  79 
of  the  laws  of  1895,  at  an  estimated  expense  of  |1, 824, 000. 

The  estimated  cost  of  enlarging  the  Erie  canal  to  a barge  canal 
was  158,895,000,  or  making  a total  for  the  Erie,  Oswego  and  Chain- 
plain  canals  of  |01,537,000. 
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Studi/  of  co,iiti)ii(oiislij  descending  canal  from  Lake  Erie  to  the 
Hudson  river.  Ever  since  the  ])n'blication  of  the  paper  by  the 
late  Elnathan  Sweet  in  1884  in  regard  to  a radical  enlargement 
of  the  artificial  waterway  between  the  lakes  and  the  Hudson 
river,  the  opinion  has  extensively  prevailed  that  it  was  preferable 
to  relocate  the  Erie  canal  in  such  manner  as  to  eliminate  the 
depression  between  Newark  and  Syracuse,  thus  making  a canal 
with  a continuous  fall  all  the  way  from  Lake  Erie  to  the  Hudson. 

In  his  report  for  1883  State  Engineer  and  Surveyor  Silas  Sey- 
mour remarks  that  an  examinaition  of  the  Erie  canal  profile  will 
show  that  by  raising  ^lontezuma  level  36.4  feet  and  the  intervening 
portions  of  the  canal  to  the  same  elevation.  Koine  level  would  be 
extended  to  a corresponding  level  west  of  the  valley  of  the  Seneca 
river,  and  the  lockage  discharges  of  the  entire  Erie  canal  would  all 
be  to  the  eastward,  thus  making  Lake  Erie  the  principal  source  of 
water  supply  for  the  whole  canal.  He  concludes  his  discussion  by 
suggesting  that  if  a shij)  canal  should  ever  be  seriously  contem- 
plated, the  practicability  of  this  improvement  should  be  carefully 
considered.^ 

So  far  as  known,  the  foregoing  is  the  first  reference  in  canal 
literature  of  this  State  to  a continuously  descending  high  level 
canal  from  Newark  to  the  west  end  of  Koine  level. 

In  the  early  days  of  inland  navigation  in  the  State  of  New 
York  effort  was  entirely  directed  towards  the  improvement  of  the 
natural  watercourses,  artificial  channels  being  only  considered 
when  necessary  to  connect  such.-  Thef'e  ^^'ere  no  engineers  in 
the  State  at  that  time,  and  the  difficulties  of  meeting  flood  con- 
ditions seemed  to  our  ancestors  insuperable.  The  result  was 
that  when  the  Erie  canal  was  finally  projected  from  about  1808  to 
1817,  as  a waterway  independent  of  the  streams,  it  was  mifde  an 
artificial  channel,  although  for  the  greater  portion  of  its  dis- 
tance it  paralleled  waterways  wdiich  could  easily  have  been 
canalized,  producing  much  greater  depth  of  water  than  wms  con- 
templated in  the  canal.  There  is  little  doubt  but  that  the  mis- 
take of  making  the  artificial  channel  has  retarded  the  develop- 
ment of  New  York  State  in  many  ways ; and  it  is  accordingly  in- 

^ Report  State  Engineer  and  Surveyor  for  188.3,  p.  lG-17. 

Hiefer  to  description  of  works  of  Western  Jnland  Lock  Navigation  Com- 
pany on  page  724.  . 
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teresting  to  note  that  the  recent  projects  have  returned  tO'  the 
canalization  of  streams. 

Among  the  changes  proposed  by  Mr  Sweet,  in  his  paper  in 
1884,  were  the  following: 

One  essential  change  in  profile  consists  in  extending  the  Rome 
level  westward  to  lock  57,  between  Newark  and  Lyons,  in  Wayne 
coiinW,  throwing  out  the  locks  47  to  5G,  inclusive.  This  change 
in  profile  can  be  eftected  by  swinging  the  route  to  the  southward, 
near  Newark,  crossing  the  Canandaigua  outlet  and  occupying 
ground  of  the  proper  elevation  along  the  south  side  of  the  Clyde 
river,  and  crossing  the  Seneca  river  at  the  narrowest  part  of  its 
valley,  which  is  near  its  junction  with  the  outlet  of  Cayuga  lake, 
from  whence  it  should  gradually  a])proach  the  present  route  of 
the  canal  and  connect  witli  or  cross  it  just  east  of  the  city  of 
Syracuse. 


Fig.  G8  Cross-section  of  Erie  canal  below  Lockport. 


Mr  Sweet  states  that  the  only  serious  difficulty  encountered 
on  this  route  is  the  crossing  of  the  Seneca  river^  where  the  water 
surface  of  the  canal  must  be  nearly  50  feet  above  that  of  the 
river,  and  for  nearly  two  miles  over  40  feet  above  the  surface 
upon  which  its  embankment  must  be  built. 

This  change  of  route,  to  secure  a continuously  descending  pro- 
file from  the  lake  to  the  Hudson  river,  is  the  only  deviation  from 
the  route  of  the  old  canal  that  is  absolutely  necessary,  but  it  is 
believed  that  the  construction  would  be  simplified  and  cheapened, 
and  the  best  possible  waterway  secured  by  the  adoption  of  an 
entirely  new  route  from  Syracuse  eastward. 

Lower  ground  can  be  obtained  for  the  Rome  level,  except  at 
the  summit  itself,  by  moving  the  line  northward;  thus  by  lower- 
ing the  elevation  of  this  level  throughout,  lessening  the  difficul- 
ties of  the  Seneca  river  crossing,  and  from  a point  a little  west 
of  Utica  eastward  to  the  Hudson,  the  Mohawk  river  should  be 
canalized  by  the  erection  of  locks  and  movable  dams  at  suitable 
points-  in  its  course,  and  the  deepening  and  rectification  of  its 
channel. 
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From  the  mouth  of  the  Mohawk,  at  Troy,  to  the  deep  water  of  the 
Hudson  river,  below  Coxsackie,  the  latter  river  must  be  improved 
by  narrowing  and  deepening  its  channel,  or  a canal  must  be  con- 
structed along  its  shore.  The  former  method  of  construction 
affords  the  simplest  and  most  useful  means  of  securing  the  de- 
sired result. 

The  plan  may  therefore  be  summarized  as  the  widening, 
deepening  and  necessary  rectification  of  the  worst  curvatures  of 
the  present  canal,  from  Buffalo  to  Newark  (about  130  miles); 
the  construction  of  a new  canal  from  Newark  to  Utica  (about 
115  miles);  the  canalization  of  the  Mohawk  river  from  Utica  to 
Troy  (about  100  miles),  and  the  improvement  of  the  Hudson 
river  from  Troy  to  Four  Mile  Point,  in  Coxsackie  (a  distance  of 
about  30  miles). 

The  elevation  of  the  western  level  of  the  canal  being  governed 
by  the  surface  of  Lake  Erie,  it  must  secure  the  required  depth 
wholly  by  deepening,  while  the  profiles  of  the  levels  from  Lock- 
port  east  can  be  adjusted  to  meet  the  economical  requirements 
that  will  be  disclosed  by  detailed  surveys. 

The  first  level  from  Buffalo  to  Lockport  will  be  32  miles  long. 
Descending  from  this  level  at  Lockport,  by  two  locks,  each  of 
about  25  feet  lift,  the  second  level  of  the  canal  will  be  reached. 
This  level,  64  miles  in  length,  will  extend  to  Brighton,  where, 
descending  by  two  locks  of  about  24  feet  lift,  we  reach  the  third 
level  of  the  canal,  extending  from  Brighton  to  Macedon,  20  miles, 
there  descending  by  a lock  of  about  20  feet  lift  we  reach  the 
fourth  level,  extending  from  Macedon  tO'  Newark^  12  miles; 
where,  by  a lock  of  about  20  feet  lift,  is  reached  the  level  of  the 
proposed  new  canal,  to  extend  from  Newark  to  Utica,  about  115 
miles,  which  will  be  the  fifth  and  longest  level  of  the  new  canal. 
From  that  point  the  Mohawk  river  (except  at  Little  Falls  and 
Cohoes,  where  combined  locks  will  be  required)  can  best  be 
canalized  through  locks  of  10  or  12  feet  lift,  making  pools  hav- 
ing an  average  length  of  about  5 miles  each. 

The  change  in  profile  between  Newark  and  the  Avest  end  of  the 
Rome  level,  in  the  eastern  suburbs  of  Syracuse,  was  considered 
a very  important  one  by  the  Canal  Committee,  and  they  accord- 


804 


NEW  YORK  STATE  MUSEUM 


iugly  early  arranged  to  have  this  matter  thoroughly  examined. 
The  writer  examined  the  several  routes  in  detail. 

The  following  are  the  elevations  and  distances  on^the  levels 
from  Rome  level  westward  to  the  upper  level  at  Newark : " ' ' 


Elevation 

above 

Length  of  tide  water. 

Designation  of  level  level,  miles  feet 

Rome  level 429.7 

Short  level,  from  lock  47  to  lock  48 0.19  419 . 5 

Level,  lock  48  to  lock  49 0.71  409.0 

Syracuse  level,  lock  49  to  lock  50 5.01  402.0 

J ordan  level,  lock  50  to  lock  51 14.90  409 . 9 

Port  Byron  level,  lock  51  to  lock  52 7.79  404.3 

Montezuma  level,  lock  52  to  lock  53 17. G9  392.9 

Level,  lock  53  to  lock  54 3.15  397. G 

Level,  lock  54  to  lock  55 3.35  405 . 0 

Level,  lock  55  to  lock  5G 1.71  411.2 

Level,  lock  5G  to  lock  57 3.22  421.1 

Level,  lock  57  to  lock  58 0.18  429.1 

I^vel,  lock  58  to  lock  59 0 . IG  437.1 


Total  distance 58. OG 


Level  above  lock  59  (Newark-Palmyra  level) 445.6* 


The  southern  route.  In  view  of  the  persistency  with  which  the 
proposed  high  level  continuously  descending  rectification  from; 
Newark  to  the  west  end  of  the  Rome  level  has  gotten  into  the  Erie 
canal  improvement  literature,  it  seems  proper,  by  way  of  clarify- 
ing the  matter,  to  discuss  it  at  length,  even  though  the  studies 
made  in  1899  have  shown  that  this  proposed  high-level  rectification 
is  not  applicable  to  present  conditions. 

The  objections  to  the  southern  route  are  three  in  number: 
(1)  Seneca  river  crossing;  (2)  right  of  way  in  Syracuse;  and  (3) 
difficult  construction  of  canal  on  sand  and  gravel  areas.  The 
Seneca  river  crossing  would  be  about  1.9  miles  in  length,  with  the 

♦The  foregoing  elevations  refer  to  mean  tide  at  New  York  and  differ 
s.omewhat  from  the  Erie  canal  datum  which  is  mean  tide  at  Albany.  The 
difference  is  about  1.3  feet. 


HYDROLOGY  OF  NEW  YORK 


805 


water  level  48  feet  above  the  level  of  MontezAima  marsh.  Hard  bot- 
tom is  found  at  a.  depth  of  20  to  00  feet  below  the  marsh  level — 
probably  30  feet  is  a fair  average  for  the  Avhole  distance  across. 
For  the  first  twenty  feet  in  depth  the  marsh  is  in  many  places 
composed  of  nearly  pure  marl,  below  which  is  found  either  firm 
soil,  gravel  or  hardpan.  No  rock  indications  have  ever  been 
determined  in  this  portion  of  Montezuma  marsh. 

The  next  objectionable  feature  of  the  southern  high-level  route 
is  found  in  the  city  of  Syracuse,  where  the  effect  of  changing  the 
present  location  would  be  merely  to  take  the  canal  out  of  the 
business  part  of  the  town,  where  dockage  and  business  arrange- 
ments are  now  established,  placing  it  instead  in  a residence  dis- 
trict, where  new  arrangements  for  transacting  canal  business 


Fig.  G9  Cross-section  of  Erie  canal,  miles  above  Lockport. 

would  have  to  be  made.  Aside  from  an  expensive  right  of  way, 
this  change  would  be  exceedingly  undesirable. 

As  to  the  third  difficult}^,  the  region  through  which  the  southern 
line  would  be  laid  is  largely  sand  and  gravel,  requiring  expensive 
puddling  in  order  to  insure  water-tightness.  The  location  is 
largely  on  a side  hill,  where  the  conditions  for  water-tight  work 
are  unfavorable.  The  estimated  cost  of  right  of  way  on  this  route 
was  14,666,000  and  the  total  cost  |29,000,000,  or  for  57.8  miles, 
the  average  cost  per  mile  was  |501,730. 

The  northern  route.  The  southern  high-level  route  having 
turned  out  to  be  so  expensive,  a route  on  the  north  side  of  the 
Seneca  river  was  then  examined  between  Newark  and  the  west  end 
of  the  Rome  level.  The  chief  difficulties  of  this  route  are:  (1) 

Seneca  river  crossing,  and  (2)  difficult  construction  on  account  of 
lack  of  water  on  surface,  as  well  as  extensive  sand  and  gravel 


areas. 
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As  to  the  crossing  of  the  Seneca  river,  while  the  river  is  only 
about  400  feet  in  width,  the  depth  is  30  feet  with  soft  bottom. 
A few  hnndred  feet  nortli  soundings  indicate  a depth  of  water 
of  40  feet.  Probably  foundations  of  the  aqueduct  would  have 
to  be  carried  considerably  deeper  than  this. 

The  most  serious  objectiou  to  the  northern  high-level  route 
as  found  in  the  considerable  areas  of  sand  and  gravel  Avhich, 
on  the  north  side  of  the  Seneca  I'iver,  are  even  more  extensive  than 
on  the  south  side.  For  the  whole  distance  there  is  very  little 
water  upon  the  surface,  and  during  the  fall  of  1809  the  farmers 
of  the  region  were  hauling  water  for  domestic  use  several  miles. 
Not  only  this  region,  but  that  along  the  proposed  southern  route, 
is  entirely  destitute  of  stone — for  miles  only  an  occasional 
bowlder  is  seen. 


The  length  of  the  canal  by  this  route  is  the  same  as  by  the 
southern  route.  The  estimated  cost  was  |22,4(H),000,  which  for 
a total  length  of  57.8  miles  is  |387,540  per  mile. 

Extension  of  Ei/racnsc  level.  It  has  also  been  proposed  that  a 
rectification  could  be  made  more  cheaj)ly  and  safely  by  extend- 
ing the  Syracuse  level  westward  near  the  j)resent  canal  location 
and  eastward  through  the  flat  country  south  of  Oneida  lake, 
cutting  down  the  Home  summit  to  corrpsjiond.  In  order  to  under- 
stand this  }tossible  change,  it  may  be  mentioned  that  the  Syracuse 
level  locks  up  at  both  ends.  To  the  east  it  rises  by  three  locks 
to  the  Koine  level,  and  to  the  west  by  one  lock  to  the  Jordan 
level.  The  elevation  of  the  Syracuse  level  is  402  + T.  W.;  of  the 
• Koine  level,  430  + T.  W.,  and  of  the  Jordan  level,  410  + T.  W. 
There  are  also  long  stretches  of  marl  near  Jordan.  This  rectifica- 
tion Avas  examined  into  Avith  the  result  that  it  is  shoAvn  to  present 
great  difficulties.  The  estimated  cost  for  113  miles  amounts  to 
132,500,000. 
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The  Seneca-Oneida  route.  The  southern  and  northern  routes 
from  Newark  to  the  west  line  of  Syracuse  having  turned  out  so 
unsatisfactory,  the  writer  then  proposed  to  the  Canal  Committee 
to  entirely  modify  their  plan.  Instead  of  building  the  continu- 
ously descending  canal,  it  was  suggested  that  a canal  dropping 
down  to  the  level  of  the  Seneca  river  be  constructed,  thence 
through  that  river  to  Three  Kivers  Point,  thence  through  the 
Oneida  river  to  and  through  Oneida  lake,  with  an  artificial  chan- 
nel from  Oneida  lake,  finally  joining  the  Koine  level  of  the  Erie 
canal  at  a point  about  halfway  between  Stacey  Basin  and  New 
London,  a few  miles  west  of  Rome. 

One  main  object  of  the  proposed  high  level  continuously  de- 
scending canal  is  to  deliver  Lake  Erie  water  to  the  Rome  level  and 
thence  into  the  Mohawk  river,  thereby  obviating  difficulties  of 


Fig.  71  Earth  section  of  Erie  canal  east  of  Rochester. 


water  supplies  from  reservoirs  along  the  line  of  the  canal.  Another 
point  to  be  gained  by  the  high-level  route  was  to  eliminate  lock- 
ages, thereby  saving  time.  If,  however,  as  much  time  can  be 
gained  by  a broad,  deep  river  and  lake  navigation  as  by  eliminat- 
ing lockages,  then  lockage  objection  is  not  very  important. 
Taking  everything  into  account,  the  writer  reported  to  the  Canal 
Committee  that  under  the  existing  conditions  a route  by  Seneca- 
Oneida  rivers  would,  due  to  breadth  and  depth  of  channel,  permit 
of  navigation  in  less  time  than  by  a proposed  high-level  canal. 
The  argument  is  therefore  in  favor  of  the  Seneca-Oneida  route, 
specially  since  it  can  be  built  at  much  less  cost. 

It  seems  to  the  writer  an  extraordinary  fact  that  the  possibil- 
ities of  the  Seneca-Oneida  route,  extending  as  it  does  for  over 
ninety  miles  through  the  center  of  the  State,  have  not  long  since 
been  thoroughly  exploited.  Considering  the  relatively  small  cost 
of  making  effective  navigation  on  this  line,  and  looking  at  the 
question  from  the  point  of  view  of  today,  one  would  suppose 
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that  this  route  would  have  loug  ago  received  careful  attentiou. 
Probably  there  are  two  reasons  for  this  neglect  : 

1)  The  early  reclamation  projects,  through  which  it  was 
expected  to  reclaim  Seneca  river  marshes. 

2)  Difficulty  of  constructing  a towpath  along  a marshy  river. 
The  estimated  cost  of  the  Seneca-Oneida  route  was  $6,000,000, 

which,  for  a total  length,  by  way  of  certain  cutoffs  on  Oneida 
river  which  reduce  the  length  somewhat,  of  81.6  miles,  gives  an 
average  cost  per  mile  of,  roundly,  $73,530. 

The  following  correspondence  explains  in  detail  why  this  change 
was  made.  In  his  letter  of  August  3,  1899,  to  the  writer,  Gen. 
F.  V.  Greene  says : 

George  W.  IUfter,  Esq.,  Rochester,  A.  Y.: 

Dear  Sir. — In  accordance  with  a resolution  of  this  committee 
authorizing  the  chairman  to  employ  an  engineer  for  the  purpose 
of  giving  technical  advice  upon  certain  points  connected  with  our 
investigation  and  report  on  the  canal  question,  I desire  to  obtain 
your  services  to  such  an  extent  as  may  be  necessary  during  the 
next  four  months  for  the  purpose  of  importing  to  us  on  the  follow- 
ing questions : 

First.  What  will  be  the  approximate  cost  of  constructing  a new 
canal  from  the  vicinity  of  Newark  to  the  Rome  level,  joining  the 
latter  at  a point  just  east  of  the  city  of  Syracuse,  the  said  canal 
to  have  a continuous  descent  to  the  eastward  and  to  have  a prism 
sufficient  to  carry  a boat  25  feet  in  width  and  10  feet  draft,  with  a 
waterway  not  less  than  four  times  the  immersed  section  of  the 
boat? 

Very  i*espectfully,  for  the  Committee, 

(Signed)  F.  Y.  Greene, 

Chairman. 

The  foregoing  instructions  apparently  limit  the  investigation 
to  a canal  continuously  descending,  but  after  making  an  exami- 
nation the  writer,  under  date  of  September  16,  1899,  wrote  to 
John  A.  Fairley,  Secretary  of  the  Commission,  as  follows : 

Mr  John  A.  Fairley,  Secretary,  New  York,  N.  Y.: 

Dear  Sir. — 

* * * * -X-  * * * 

In  regard  to  the  proposed  rectification  between  Newark  and 
Syracuse,  two  lines  have  been  examined — one  to  south  of  present 
canal  and  one  to  north.  The  line  to  north  appears  to  be  the  bet- 
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ter,  although  both  are  very  expensive  and  violate  the  modern  view 
that  canals  should  be  located  in  the  thread  of  valleys  rather  than 
along  side  hills  and  on  high  ground.  One  result  of  niy  study  of 
this  matter  so  far  as  it  has  proceeded  is  to  indicate  another  solu- 
tion, which,  however,  is  apparently  barred  out  by  the  committee’s 
instructions  to  investigate  a canal  with  a continuous  descent  from 
Newark  to  west  end  of  Rome  level. 

The  solution  referred  to  will  take  about  the  following  form : 
Leave  the  present  canal  where  it  crosses  under  the  New  York 
Central  and  Hudson  River  railway  a few  miles  east  of  Clyde  and 
continue  to  iSeneca  river  just  north  of  where  New  York  Central 
railway  crosses  that  stream.  Thence  along  Seneca  and  Oneida 
rivers  and  through  Oneida  lake,  building  a new  stretch  of  canal 
from  east  end  of  Oneida  lake  to  Rome.  This  does  not  avoid  the 
lockage  but  gives  the  advantage  of  a broad,  deep  navigation  for 
about  sixty-live  to  seventy  miles.  My  studies  on  deep  waterways 
project  indicate  that  an  ample  water  supply  for  the  Rome  summit 
can  be  obtained  from  the  two  Fish  creeks  and  Salmon  river. 

As  regards  carrying  a water  supply  from  Lake  Erie  east  of 
Seneca  river,  I may  state  that  the  high  level,  with  continuous 
descent  from  Newark  to  Rome  level,  will  necessarily  be  laid  on 
open  porous  soils  from  which  the  percolation  losses  will  be  large ; 
and  while  I am  not  prepared  to  give  a final  opinion  at  this  time, 
the  indications  are  that  Seneca  river  is  about  the  eastern  limit 
of  effective  feeding  from  Lake  Erie.  If  this  view  is  right,  then 
the  alternative  line  for  an  enlarged  canal  via  Seneca  and  Oneida 
rivers  and  Oneida  lake  is  the  only  solution.  In  making  this  latter 
statement  I take  into  account  that  there  are  extensive  marl  de- 
posits along  line  of  present  canal  between  Ninemile  creek  and 
Seneca  river,  which  make  a radical  enlargement  along  the  present 
canal  a very  serious  proposition.  I mention  these  various  points 
in  order  that  you  may  appreciate  the  broad  scope  of  the  study  on 
which  I am  engaged. 

In  view  of  the  possible  outcome  of  the  study  of  a continuously 
descending  high-level  canal  from  Newark  to  Rome  level,  I would 
be  glad  to  know  whether  the  committee’s  instructions  were  in- 
tended to  exclude  study  of  such  an  alternative  line  as  I have  here 
outlined.  If  so,  then  I will  not  devote  any  time  to  it.  Otherwise, 
I should  feel  impelled  to  give  it  attention.  There  are  one  or  two 
other  alternative  propositions  which  should  be  looked  into,  but 
explanations  of  which  I can  not  well  go  into  in  a letter  for  lack  of 
space. 

In  regard  to  lines  other  than  a continuously  descending  high- 
level  canal  from  Newark  to  Rome  level,  I may  point  out  that  the 
advantages  to  be  gained  are  not  necessarily  to  eliminate  lockages 
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per  sc,  hut  to  .gain  time.  If,  then,  the  time  can  be  gained  and 
lockages  retained,  there  could  apparently  be  no  objection  to  the 
Seneca-Oneida-rivers-Oneida-lake-line,  where  by  reason  of  broad, 
deep  channel  greater  speed  can  be  obtained.  Especially  Avould 
this  be  true  if  the  river  line  can  be  bnilt  at  less  cost. 

* * * * -X-  * * * 

Very  truly  yours, 

(Signed)  Geo.  W.  Rafter. 

In  the  meantime  the  proposed  change  of  plan  was  suggested 
in  a conversation  with  Major  Symons  on  September  18,  1899. 
September  22  General  Greene  answered  the  letter  of  September 
16,  in  the  following  terms : 

George  W.  Rafter,  Esq.,  Coiisnlfinfj  Engineer ^ Rochester,  N.  Y.: 

Dear  Sir. — Yours  of  September  16  ari-ived  a few  days  since,  but 
owing  to  my  absence  in  IMiiladelphia  1 have  not  until  now  had 
an  opportunity  to  answer  it.  1 am  also  in  receij>t  of  a letter  from 
Major  Symons  telling  me  of  his  conversation  Avith  yon,  and  that 
he  said  the  committee  Avonld  undoubtedly  like  to  have  yon  make 
the  study  of  the  northern  route  through  the  Oneida  river  and  lake, 
and  1 Avrite  to  confirm  ^fajor  Symons’  statement. 

* * ■ * -X-  * * * * 

l^ours  very  truly, 

(Signed)  F.  V.  Greene. 

Conclusions  of  Canal  Co'inmittee.  The  Canal  Committee,  as  the 
result  of  its  examination,  states : 

The  committee  is  unanimously  of  the  opinioli  that  there  are 
only  three  projects  for  consideration.  The  first  of  these  is  the 
completion  of  the  project  authorized  by  the  huv  of  1895,  Avith  the 
folloAving  modifications : 

The  deepening  of  the  prism  to  9 feet  throughout,  and  the 
lengthening  of  the  locks  on  one  tier,  so  as  to  pass  tAVO  boats,  each 
125  feet  in  length,  17 Y2  feet  in  width  and  S feet  draft,  Avith  a cargo 
capacity  of  450  tons ; and  the  lengthening  of  the  locks  on  the  other 
tier  so  as  to  pass  a single  boat  of  the  same  size. 

The  use  of  pneumatic  locks,  or  other  mechanical  lifts,  at  Cohoes, 
Lockport,  and  possibly  Newark  and  Little  Falls. 

The  construction  of  a neAV  canal  from  near  Clyde  to  near  NeAV 
London,  about  81  miles  in  length,  giving  a Avide  AvaterAvay  through 
the  Seneca  and  Oneida  riA^ers  and  Oneida  lake,  and  avoiding  Mon- 
tezuma marshes. 
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The  abolition  of  the  two  aqueducts  across  the  Moliawk  river, 
and  the  substitution  of  the  river  for  the  canal  from  Kexford  Flats 
to  Cohoes. 

The  construction  of  a new  canal  from  the  foot  of  the  falls  of 
the  Mohawk,  near  Cohoes,  to  the  Hudson  river,  near  the  West 
Troy  side-cut. 

The  second  project  is  for  a canal  to  accoanmodate  boats  of  the 
same  dimensions  as  above  given,  but  which  shall  follow  the  route 
of  the  present  Erie  canal,  excei)t  from  Albany  to  lock  18,  in  place 
of  which  the  diversion  by  a mechanical  lift  over  the  Cohoes  falls 
and  a canal  from  the  foot  of  the  falls  to  the  Hudson  river  at 
West  Troy  side-cut  shall  be  substituted. 

The  third  project  is  for  a canal  following  the  same  route  as 
the  first  project,  but  of  sulficient  size  to  carry  boats  150  feet  in 
length,  25  feet  in  width  and  10  feet  draft,  witli  a cargo  cai)acity 
of  approximately  1000  tons  each,  with  locks  capable  of  passing 
two  boats  at  one  time. 

The  estimated  cost  of  the  barge  canal,  including  the  improving 
of  Oswego  and  Champlain  canals,  was,  in  round  figures,  |62,000,- 
000.  In  regard  to  this  estimate  of  the  Canal  Committee,  it  may 
be  stated  that  they  made  no  surveys,  although  the  writer  in  esti- 
mating upon  the  southern  and  northern  routes  between  Newark 
and  just  east  of  SAu-acuse,  as  well  as  on  the  estimate  for  the  Syra- 
cuse level  extended,  and  on  the  Seneca-Oneida  route,  availed  him- 
self of  the  field  sheets  of  the  United  States  Geological  Survey  at 
a scale  of  rv,oo-o-  With  these  slieets  in  hand  the  several  routes  were 
traversed,  a distance  of  about  320  miles  in  all.  Subsequently, 
profiles  were  platted  from  the  locations  decided  upon  in  this  way, 
quantities  taken  out  and  an  estimate  made.  These  estimates, 
therefore,  may  be  considered  as  in  tbe  nature  of  preliminary — • 
they  could  hardly  be  classified  as  final  estimates.  On  other 
portions  of  the  canal  the  maps  prepared  in  connection  with  the 
improvement  of  1895  wei;e  used. 

Attention  may  be  called  to  the  maps  which  were  prepared  of 
these  surveys  in  1899.  They  present  the  topography  for  a con- 
siderable distance  each  side  of  the  proposed  lines  and  enable 
anybody  with  the  requisite  training  to  determine  whether  or 
not  the  best  lines  have  been  selected.  They  accompany  the 
Report  of  the  State  Engineer  for  1900. 
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The  Barge  canal  survey.  The  report  of  the  Canal  Committee 
was  presented  to  Governor  Roosevelt  under  date  of  January  15, 
1900,  and  chapter  411  of  the  laws  of  1900  directed  the  State 
Engineer  and  Surveyor  to  cause  surveys,  plans  and  estimates  to 
be  made  for  improving  the  Erie  canal,  the  Champlain  canal  and 
the  Oswego  canal,  appropriating  |200,000  therefor.  The  route 
to  be  surveyed  is  defined  in  this  act,  and  follows  the  recom- 
mendations of  the  Canal  Committee  already  given.  It  is  also 
provided  in  section  3 of  this  act  that  the  surveys,  plans  and 
estimates  for  the  construction  and  improvement  of  the  Erie  canal 
shall  be  of  such  dimensions  as  will  allow  said  canal  to  carry 
and  lock  through  boats  150  feet  in  length,  25  feet  in  width  and 
of  10  feet  draft,  with  a cargo  capacity  of  1000  tons  each.  The 
prism  of  Erie  canal  was  to  have  a depth  of  water  of  not  less 
than  12  feel,  with  11  feet  in  the  locks  and  over  structures.  The 
locks  were  to  be  310  feet  long  and  28  feet  wide  and  11  feet  deep. 
The  KState  Engineer  was  requii'ed  by  the  act  to  couiplete  the 
survey  and  hand  his  report  to  the  Governor  on  or  before  January 
1,  1901.  The  Governor  was  to  submit  the  same,  with  his  own 
I'ecommendations  relating  th(*reto,  to  the  Legislature  on  or  be- 
fore January  15,  1901.  Chapter  411,  became  a law  April  12, 
1900. 

This  act  required  the  completion  of  the  survey  in  about  eight 
months,  and  while  there  was  a large  amount  of  data  available, 
which  had  been  gathered  two  years  previously  by  the  Board  of 
Engineers  on  Deep  Waterways,  nevertheless  it  is  difficult  to 
suppose  that  very  complete  surveys  could  have  been  made  in  so 
short  a time  as  this.  The  State  Engineer  conducted  the  sur- 
vey ablj^,  and  it  is  intended  to  merely  point  out  that  from  limita- 
tion of  time  alone  the  survey  was  necessarily  somewhat  approxi- 
mative. 

The  estimates  are,  generally  speaking,  as  reliable  as  could  be 
expected  for  the  amount  of  time  put  upon  them.  The  total  cost 
of  the  improvement  on  the  present  line  of  the  Erie  canal  through- 
out the  whole  extent,  and  including  the  Oswego  and  Champlain 
canals^  is  estimated  at  about  187,000,000,  while  the' total  cost  on 
the  most  desirable  route,  via  Mohawk  and  Seneca  rivers,  is 
about  177,000,000.  There  are  certain  additions  to  this  which 
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will  increase  it  to  about  182,000,000.  This  estimate  provides  for 
a canal  12  feet  deep  via  the  Mohawk  and  Seneca  rivers^  as  well 
as  by  the  interior  route,  through  Syracuse,  Clyde,  Lyons,  Newark, 
Palmyra,  Rochester  and  Lockport  to  Buffalo. 

During  the  legislative  session  of  1903,  some  question  having 
arisen  as  to  the  adequacy  of  the  estimates  made,  they  were 
again  gone  over  and  finally  revised.  In  a communication  to  the 
Legislature  under  date  of  March  2,  1903,  the  State  Engineer  says: 

I have  no  hesitation,  therefore,  in  asserting  that  the  estimates 
of  cost  given  in  the  barge  canal  report  Avere  as  complete  and 
accurate  as  any  estimates  ever  ])repared  within  the  time  allotted 
for  a Avork  of  such  magnitude,  and  that  they  AA^ere  reliable  esti- 
mates of  the  cost  at  that  time  for  the  improvement  covered  by  the 
report,  aa  ith  the  one  possible  exception  of  the  allowance  for  un- 
foreseen contingencies  and  expenses. 

It  is  an  undisputed  fact  that  during  the  ])ast  feAV  years  the 
prosperity  of  our  country  has  resulted  in  an  increase  in  the  con- 
struction of  public  Avorks  of  all  descriptions,  and  in  the  develop- 
ment of  native  resources  by  private  capital,  creating  such  a de- 
mand for  labor  and  materials  that  both  liaA^e  advanced  in  price 
Avithin  the  past  tAvo  A*ears;  furthermore,  the  fact  of  the  State 
enlisting  in  an  enterprise  of  this  magnitude  Avould  have  a tendency 
to  increase  the  price  of  labor  and  materials  entering  into  its 
construction. 

The  State  Engineer  then  answers  several  questions  in  detail, 
finally  ending  with  the  conclusion  that  in  1903  the  barge  canal 
would  cost  roundly  |101,000,000.  He  states  that  water  supply 
is  based  on  a business  of  10,000,000  tons  of  freight  per  canal 
season,  and  that  if  the  business  of  the  enlarged  canals  should 
increase  to  double  this  quantity,  or  to  20,000,000  tons  per  canal 
season,  there  should  be  added  to  the  estimate  |1,330,000. 

The  original  Avater  supply  included  a feeder  from  Fish  creek 
to  near  Fort  Bull,  together  Avith  the  construction  of  the  Salmon 
river  reservoir,  already  described.  The  Avater  from  this  reser- 
voir may  be  turned  into  Mad  river,  a tributary  of  Fish  creek, 
Avithout  serious  expense.  On  this  plan  the  total  cost  of  the  water 
supply  for  a traffic  of  10,000,000  tons  per  year  would  not  exceed 
13,000,000.  Aside  from  the  supply  to  the  present  Erie  canal 
from  Butternut,  Limestone,  Ohittenango,  CoAvaselon  creeks,  etc. 
the  additional  supply  was  to  be  obtained  from  a single  large 
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reservoir,  advantage  being  taken  of  the  fact  that  a large  reser- 
voir can  be  constructed  for  less  cost  per  unit  of  volume  than  a 
number  of  small  reservoirs.  In  the  barge  canal  report  it  was 
assumed  that  it  was  important  to  construct  a number  of  small 
reservoirs  along  the  line  of  the  canal  with  the  result  that  the 
cost  of  a water  supply  for  the  canal  route,  with  traffic  of  10,- 
000,000  tons  per  year,  is  estimated  at  |5, 555, 000.  For  the  river 
route,  with  traffic  of  10,000,000  tons  per  year,  the  estimated  cost 
is  14,469,000. 

Griffin  of  harf/c  canal.  The  (piestion  has  arisen  in  the  State  of 
New  York  as  to  Avho  originated  the  barge  canal  idea.  The  fol- 
lowing statement  is  given  as  bearing  on  this  point: 

We  have  already  seen  that  Silas  Seymour,  in  his  report  for 
1883,  referred  to  a continuously  descending  high-level  canal 
from  Newark  to  the  west  end  of  the  Rome  level 

The  next  detailed  reference  appears  in  the  report  of  Martin 
Schenck,  State  Engineer  and  Surveyor,  for  the  year  1893.  Mr 
Schenck  says  : 

In  my  report  of  last  year  I brieOy  outlined  a proposed  enlarged 
canal  cai)able  of  bearing  barges  250  feet  in  length  by  25  feet 
breadth  of  beam,  with  10  feet  draft  of  water  and  of  the  lowest 
possible  bight  above  water  so  that  the  greater  j)art  of  the  bridges 
crossing  it  could  be  fixed  structures  instead  of  movable  ones. 

This  canal  would  have  a general  width  of  100  feet  at  the  water 
line,  a depth  of  12  feet  (except  at  such  points  as  over  aqueducts 
or  other  expensive  stiaictures  where  economy  would  suggest  the 
reduction  of  a foot  in  depth)  and  have  vertical  or  battered  side 
walls  except  in  localities  of  existing  wide  waters  where  economy 
of  width  would  be  a minor  consideration.  The  general  width 
proposed  might  be  materially  reduced  for  short  distances  through 
the  cities  and  towns  along  its  route,  over  aqueducts,  through  ex- 
pensive rock  cuts,  etc.,  and  since  no  towing-path  would  be  re- 
quired, there  are  many  miles  of  cuttings  where  the  removal  of 
that  alone  would  give  nearly  the  entire  width  required.  The 
route  proposed  for  this  canal  would  generally  follow  the  present 
jilignment  of  Erie  canal  except  for  short  distances,  where  it  would 
be  wise  to  make  detours  in  order  to  obtain  economy  of  construc- 
tion and  better  alignment.  The  vessels  designed  for  use  might 
be  built,  for  convenience  in  handling,  in  two  sections  and  be  towed 
in  fleets  by  means  of  similar  boats  fitted  with  twin  screws  and 
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propelled  by  steam  or  electrie  power.  Vessels  of  such  size  as 
those  described  could  navigate  the  proposed  canal  with  the  great- 
est degree  of  economy,  would  have  a carrying  capacity  of  at  least 
50,000  bushels,  and  could  carry  wheat  at  a profit  from  Buffalo  to 
New  York  for  two  cents  per  bushel.  When  grain  can  be  carried 
through  our  canals  at  a profit  from  Lake  Erie  to  the  metropolis 
at  the  foregoing  rate,  all  questions  relative  to  the  commercial 
supremacy  of  the  Empire  iState  will  be  set  at  rest.  Without  a 
careful  survey  it  is  impossible  to  determine  the  exact  route  of 
the  proposed  canal,  but  it  may  be  approximately  stated  to  be  as 
follows : Beginning  at  the  port  of  Buffalo,  the  alignment  would 
follow  very  closely  the  present  line  of  the  canal,  the  depth  to  be 
secured  to  Lockport  by  excavating  from  the  bottom  of  the  canal. 
Through  the  deep  rock  cut  near  Lockport  the  only  widening  re- 
quired for  the  present  would  be  that  obtained  by  cutting  out  the 
present  towing-path.  At  Lockport  a pair  of  hydraulic  lifts  or 
two  pairs  of  high-lift  locks  would  be  substituted  for  the  five  com- 
bined locks  now  there.  From  Lockport  eastward  to  Rochester  the 
present  alignment  would  be  quite  closely  followed  except  that 
considerable  detours  would  probably  be  made  to  avoid  those 
rather  bold  but  unnecessary  bits  of  engineering  known  as  the 
high  banks  at  several  jioints  west  of  this  last-named  place  and 
that  east  of  it  at  Irondequoit.  Continuing  eastward  from  Roch- 
ester, making  a slight  change  of  alignment  near  Newark,  sub- 
stituting two  locks  for  the  three  now  there,  no  special  engineering 
difficulties  would  be  encountered  until  the  ^lontezuma  aqueduct 
over  the  Seneca  river  is  reached,  where  one  of  two  plans  must  be 
adopted,  viz,  either  to  construct  at  a very  large  ex})ense  an  en- 
larged aqueduct  or  drop  down  by  means  of  a single  lock  to  the 
level  of  the  Seneca  river,  crossing  at  the  river  level  and  locking 
up  to  the  proper  elevation  on  the  ojiposite  side,  meanwhile  retain- 
ing the  present  aqueduct  as  a feeder  to  carry  water  to  the  remain- 
der of  the  level  eastward. 

As  the  present  aqueduct  was  constructed  over  a bed  of  peat 
upon  sunken  cribs  of  only  sufficient  bearing  capacity  to  sustain 
with  safety  its  present  weight,  it  is  exceedingly  doubtful  if  any 
great  increase  of  weight  such  as  would  be  necessary  in  making 
the  required  enlargement  could  be  had  without  endangering  the 
stability  of  the  whole  structure.  The  waste  of  water  caused  by 
locking  boats  down  to  the  river  level  and  up  again  while  con- 
siderable, would  not  be  a serious  matter  since  this  is  the  last 
level  fed  from  the  westward.  The  cost  of  the  two  locks  required 
would  be  a trifle  compared  to  that  of  a new  aqueduct,  but  it  goes 
without  saying  that  the  building  of  a new  aqueduct  is  by  far  the 
better  plan  and  the  one  that  would  eventually  be  adopted. 
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From  Port  Byron  to  Jordan  the  present  line  of  tlie  canal  would 
be  followed  quite  closely,  but  it  is  probable  that  it  would  be  better 
to  make  a detour  at  the  Jordan  level  so  as  to  drop  it  down  to  the 
elevation  of  that  at  Port  Byron.  The  rather  limited  water  supply 
on  the  Jordan  level  makes  it  extremely  desirable  that  the  pro- 
posed change  be  made  so  that  the  reliable  water  supply  of  the 
western  slopes  of  the  Adirondacks  can  pass  unimpeded  to  meet 
the  waters  of  Lake  Erie  on  the  Montezuma  level.  From  Syracuse 
eastward  to  Rotterdam  the  })resent  alignment  would  be  quite 
closel}’  adhered  to,  with  the  probable  substitution  of  a hydraulic 
lift  or  one  lock  for  the  three  upper  locks  at  Little  Falls.  From 
Rotterdam  eastward  we  have  presented  to  ns  the  choice  of  two 
routes,  the  one  following  the  present  line  of  canal,  the  other  cross- 
ing the  Mohawk  on  a new  aqueduct  to  be  built  at  that  place  and 
making  a short  cut  across  country,  striking  the  present  canal  line 
at  the  eastern  terminus  of  the  upper  ^loliawk  aqueduct. 


Fig.  72  Earth  section  of  Welland  and  Sonlanges  canals. 


This  report  was  followed  by  that  of  Major  Symons,  dated  June 
23,  1897,  who  proposed  a boat  of  a capacity  of  1500  tons  burden, 
the  same  as  proposed  by  Mr  Schenck.  Neither  made  any  estimate, 
although  Mr  Schenck  considered  that  his  canal  could  be  built 
for  $25,000,000,  while  Major  Symons  considered  that  $50,000,000 
would  be  sufficient.  The  Committee  on  Canals  considered  that 
$63,000,000  was  sufficient  to  build  the  canal;  the  barge  canal 
survey  of  1900  placed  the  cost  at  from  $77,000,000  to  $87,000,000, 
depending  upon  the  route,  while  in  1903  the  State  Engineer 
placed  it  at  $101,000,000. 

Increase  in  size  of  l)oat  in  comparison  with  cross-section  of 
canal.  In  order  to  show  the  progressive  changes  which  have  taken 
place  in  our  ideas  of  canals,  the  cross-section  of  the  original  Erie 
canal  and  of  the  various  enlargements,  together  with  the  cross- 
section  of  the  recent  proposed  canals,  will  be  cited  in  comparison 
with  the  size  of  boat  for  navigating  each  section. 
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The  original  Erie  canal,  completed  in  1825,  carried  4 feet  in 
depth  of  water  and  was  26  feet  wide  on  the  bottom  and  40  feet 
at  the  surface.  The  sectional  area  was  132  square  feet.  The 
boats  navigating  the  original  Erie  canal  were  61  feet  long,  7 feet 
wide  by  3%  feet  draft,  and  with  a capacity  of  30  tons.  An  enlarge- 
ment of  the  Erie  canal  was  authorized  in  1835,  which,  however, 
was  not  fully  completed  until  1862.  The  size  of  boats  in  the  mean- 
time had  increased  during  this  enlargement  to  75  and  100  tons. 

The  enlargement  completed  in  1862  made  the  canal  7 feet  deep, 
52  feet  wide  on  the  bottom,  70  feet  water  surface,  and  gave  a 
sectional  area  of  427  square  feet.  After  the  completion  of  this 
enlargement  the  boats  were  98  feet  long,  17^2  feet  wide  and 
with  6 feet  draft.  Their  capacity  was  240  tons,  which  size  boat 
is  still  used  on  the  Erie  canal. 

The  improvement  suggested  by  State  Engineer  Adams  and 
seconded  by  the  Canal  Committee  is  9 feet  deep,  49  feet  wide  on 
the  bottom,  with  73  feet  width  of  water  surface.  The  sectional 
area  is  549  square  feet.  For  this  improvement,  the  boats  would 
be  125  feet  long,  17%  feet  wide,  with  8 feet  draft.  Their  capacity 
would  be  450  tons. 

The  barge  canal  recommended  by  the  Canal  Committee  has 
12  feet  in  depth  of  water,  is  75  feet  wide  on  the  bottom  and  122 
feet  water  surface.  The  sectional  area  is  1182  square  feet.  For 
the  barge  canal  recommended  by  the  Canal  Committee  boats  are 
proposed  150  feet  long,  25  feet  wide  and  10  feet  draft.  Their 
capacity  is  to  be  1000  tons. 

The  canal  suggested  by  Mr  Schenck  in  his  report  as  State 
Engineer  for  1893  was  to  have  12  feet  in  depth  of  water,  carry- 
ing a boat  25  feet  wide  and  250  feet  long,  with  capacity  of  1500 
tons.  Major  Symons  proposed  a canal  carrying  boats  with  width 
of  30  feet,  length  of  about  190  feet  and  a draft  of  10  feet,  the 
capacity  to  be  1500  tons.  Major  Symons  also  proposed  a ship 
canal  from  I^ke  Erie  to  the  Hudson  on  the  line  of  the  present  Erie 
canal,  24  feet  in  depth,  bottom  width  of  138  feet  and  water  sur- 
face of  210  feet.  The  sectional  area  of  such  a canal  would  be 

4176  square  feet.  The  boat  was  to  be  50  feet  in  width  and  with 

draft  of  20  feet.  As  we  have  seen,  the  Committee  on  Canals 
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adopted  a boat  25  feet  wide,  150  feet  long  and  drawing  10  feet 
of  water. 

The  21-foot  channel  proposed  by  the  Board  of  Engineers  on 
Deep  Waterways  would  have  a bottom  width  of  215  feet  and  a 
sectional  area  of  5497  square  feet.  The  section  proposed  for  a 
30-foot  canal  would  have  a bottom  width  of  203  feet  and  a sec- 
tional area  of  7990  square  feet.  The  foregoing  widths  are  for 
channels  in  earth  cutting— in  rock  sections,  widths  are  somewhat 
different.  The  Board  of  Engineers  proposed  for  a 21-foot  canal 
a boat  52  feet  wide,  480  feet  long,  with  19  feet  draft  and  a net 
carrying  capacity  of  8000  tons. 

We  see,  tlierefore,  that  from  1825  to  1904 — seventy-nine  years — 
the  capacity  of  boats  has  increased  from  30  tons  to  a proposed 


Fig.  73  Earth  section  of  Montreal,  Ottawa  and  Georgian  Bay  canal. 


capacity  of  over  8000  tons.  This  fact  is  cited  as  showing  that 
inasmuch  as  there  is  actualfy  still  in  use  a boat  carrying  240 
tons,  canal  development  is  not  yet  commensurate  with  the  devel- 
opments of  commerce. 

Chapter  lift  of  the  laws  of  1903.  Chapter  147  of  the  laws  of 
1903,  an  act  making  provision  for  issuing  bonds  to  the  amount 
of  1101,000,000  for  the  improvement  of  Erie  canal,  Oswego  canal 
and  Champlain  canal,  and  providing  for  submitting  the  same 
to  the  approval  of  the  people,  became  a law  April  7,  1903,  with 
the  approval  of  the  Governor.  This  act  was  voted  upon  at  the 
general  election  held  November  3,  1903,  and  was  approved  by  a 
majority  of  over  245,000.  New  York  county  gave  253,000  for  and 
29,000  against;  Kings  county  gave  62,000  for  and  21,000  against; 
Erie  county,  39,000  for  and  8000  against.  The  balance  of  the 
State,  with  few  exceptions,  was  against.  It  appears,  therefore. 
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that  the  support  which  this  project  received  was  from  the  two 
terminals  of  the  canal. 

This  act  provides  that  the  route  of  the  Erie,  Oswego  and  Cham- 
plain canals,  as  improved,  shall  be  as  follows  : 

Beginning  at  Congress  street,  Troy,  and  passing  up  the  Hudson 
river  to  Waterford;  thence  to  the  westward  through  the  branch 
north  of  Peoble’s  island  and  by  a new  canal  and  locks  reach  the 
Mohawk  river  above  Cohoes  falls;  thence  in  the  Mohawk  river 
canalized  to  Little  Falls;  thence  generally  by  the  existing  line 
of  the  Erie  canal  to  Herkimer;  thence  in  the  valley  of  Mohawk 
river,  following  the  thread  of  the  stream  as  much  as  practicable 
to  a point  about  six  miles  east  of  Rome;  thence  over  to  and  down 
the  valley  of  Wood  creek  to  Oneida  lake;  thence  through  Oneida 
lake  to  Oneida  river;  thence  down  Oneida  river,  cutting  out  the 
bends  thereof,  where  desirable,  to  Three  Rivers  Point;  thence  up 


Fig.  74  Earth  section  of  22-foot  canal  carrying  vessel  of  8,000  tons  capacity. 

to  Seneca  river,  to  the  outlet  of  Onondaga  lake;  tlience  still  up 
Seneca  river  to  and  through  the  State  ditch  at  Jack’s  Reefs ; 
thence  westerly  generally  following  said  river  to  the  mouth  of 
Crusoe  creek;  thence  substantially  paralleling  the  New  York  Cen- 
tral railroad  and  to  the  north  of  it  to  a junction  with  the  present 
Erie  canal  about  1.8  miles  east  of  Clyde;  thence  following 
substantially  the  present  route  of  the  canal  with  necessary 
changes  near  Lyons  and  Newark  to  Fairport;  thence  curving  to 
the  south  and  west  on  a new  location,  joining  the  present  canal 
about  one-half  mile  west  of  the  crossing  of  Irondequoit;  thence 
following  the  old  canal  to  a point  about  one  and  one-fourth  miles 
west  of  Pittsford;  thence  following  the  existing  line  of  the  canal 
for  nearly  a mile;  thence  running  across  the  country  south  of 
Rochester  to  the  Genesee  river  near  South  park,  here  crossing 
the  river  in  a pool  formed  by  a dam ; thence  running  to  the  west 
of  the  outskirts  of  Rochester  and  joining  the  present  canal  about 
one  mile  east  of  South  Greece;  thence  following  substantially  the 
route  of  the  present  Erie  canal,  with  the  necessary  change  in 
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alignment  near  Medina  to  a junction  with  Niagara  river  at  Tona- 
wanda;  thence  bj  Niagara  river  and  Black  Rock  harbor  to  Buffalo 
and  Lake  Erie.  The  existing  Erie  canal  from  Tonawanda  creek 
to  Main  street,  Buffalo,  shall  be  retained  for  feeder  and  harbor 
purposes.  The  route  of  the  Oswego  canal  as  improved  shall  be 
as  follows:  Beginning  at  the  junction  of  the  Oswego,  Seneca  and 
Oneida  rivers,  it  shall  run  northward  to  a junction  with  Lake 
Ontario  at  Oswego,  following  Oswego  river,  canalized,  and  present 
Oswego  canal.  The  route  of  the  Champlain  canal  as  im])roved 
shall  be  as  follows:  Beginning  in  the  Hudson  river  at  Water- 

ford; thence  up  Hudson  river  canalized  to  near  Fort  Edward; 
thence  \ia  the  present  route  of  Champlain  canal  to  Lake  Cham- 
plain near  Whitehall. 

This  act  also  provides  for  the  appointment  of  an  advisory  board 
of  five  engineers,  whose  duties  shall  be  to  advise  the  State  P^ngi- 
neer  and  Superintendent  of  Public  Works,  to  follow  the  progress 
of  the  work,  and  from  time  to  time  to  report  to  the  Governor, 
State  Engineer  and  Superintendent  as  they  may  require,  or  as  the 
board  may  deem  proper  and  advisable.  A special  deputy  and 
special  resident  engineers  are  also  provided  for  by  the  act.  The 
following  have  been  appointed  members  of  the  advisory  board : 
Edward  A.  Bond,  Thomas  W.  Symons,  Elmer  L.  Corthell,  Wm.  A. 
Brackenridge  and  Alfred  B.  Fr^e. 

Power  canal  along  line  of  Erie  canal.  In  a discussion  before 
the  American  Society  of  Civil  Engineers  several  years  ago, 
Edward  P.  North  of  New  York  City  proposed  a power  canal 
along  the  line  of  the  Erie  canal,  and  J.  Y.  McClintock  of 
Rochester  has  also  extensively  advocated  such  a canal. 

Mr  McClintock  proposes  that  deep  waterways  be  constructed 
along  this  line  of  sufficient  dimensions  to  carry  water  enough  to 
develop  800,000  horsepower.  This  water  would  be  taken  from 
Niagara  river  and  the  power  developed  at  Lockport,  Gasport, 
Middleport,  Medina,  Albion,  Holley,  Brockport,  Spencerport, 
Rochester,  Pittsford,  Macedon,  Palmyra,  Newark,  Lyons  and  at 
points  on  the  Seneca  river,  as  well  as  at  other  points  where  inter- 
secting streams  furnish  convenient  points  for  developing  power. 
There  is  no  objection  to  such  a project  and  possibly  it  may  be 
ultimately  carried  out,  although  at  present  there  is  no  probability 
because  the  streams  of  New  York  will  furnish  several  hundred 
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thousand  horsepower  at  less  cost  per  unit  than  can  be  furnished 
by  this  power  canal. 

Mr  John  Patten,  in  a paper  read  before  the  National  Irrigation 
Congress  held  at  Ogden,  Utah,  in  1902  proposed  a canal  along  this 
line  which  very  much  exceeds  in  size  that  proposed  by  either  Mr 
North  or  Mr  McClintock.  The  name  of  the  canal  proposed  by  Mr 
I^atten  is  to  be  ^^The  Great  Eastern  Canal. The  water  supply  will 
be  taken  from  Niagara  river  at  Tonawanda  and  conveyed  through 
a canal  to  Rochester,  where  a dam  54  feet  high  across  the  Genesee 
river  will  continue  it  to  the  hills  south  of  Rochester,  effecting  a 
natural  embankment.  The  Great  Eastern  canal  will  continue  in 
an  easterly  direction  near  the  line  of  the  Erie  canal  and  the 
Seneca  river  to  Syracuse,  passing  through  the  edge  of  Syracuse 
and  continuing  on  to  the  Mohawk  valley  near  Utica.  After  en- 
tering the  Mohawk  valley,  the  canal  continues  along  the  river 
as  far  as  Schenectady,  at  which  point  there  will  be  a dam  across 
the  Mohawk  diverting  the  waters  southeast  along  the  slope  of 
the  Catskill  mountains  to  the  valleys  of  Esopus  and  Rondout 
creeks,  where  there  Is  to  be  a large  dam  intercepting  the  flow  of 
these  creeks.  This  dam  is  high  enough  to  flood  the  Wallkill  val- 
ley, so  that  the  course  of  the  canal  is  up  the  Wallkill  river  into 
New  Jersey,  where  it  empties  into  Walnut  valley  and  from 
thence  into  the  Delaware  as  far  as  Easton,  forming  a natural 
waterway  from  Kingston  to  Easton  over  a hundred  miles  in 
length. 

After  damming  the  Delaware  at  Easton  the  course  of  the  canal 
will  continue  up  the  Lehigh  river,  and  southerly  to  within  about 
five  miles  of  Reading,  where  a dam  across  the  Schuylkill  river 
continues  the  water  in  the  depression  of  the  valley  southerly.  The 
canal  is  to  be  continued  south  from  this  point,  embracing  the 
Susquehanna,,  Potomac  and  James  rivers.  The  plan  calls  for 
submerging  Ellentown,  Bethlehem  and  a few  other  towns,  which 
Mr  Patten  states  will  make  it  a very  expensive  project. 

There  will  be  waterways  from  New  York,  Washington,  Balti- 
more, Richmond,  Philadelphia,  Trenton  and  other  cities  extending 
to  the  canal.  New  York  has  exceptional  advantages,  inasmuch 
as  fully  500  feet  fall  is  obtained,  with  a natural  outlet  to  the 
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Hudson.  Power-houses  along  the  banks  of  the  Hudson  will  fur- 
nish New  York,  Brooklyn,  Hoboken,  Jersey  City,  Passaic,  Pat- 
erson, Newark,  Elizabethtown,  the  Oranges  and  other  cities  within 
a radius  of  fifty  to  one  hundred  miles  with  electricity,  heat,  power 
for  manufacturing,  etc. 

The  construction  of  the  Great  Eastern  waterpower  canal  is 
estimated  to  develop  15,000,000  twenty-four-hour  horsepower  or 

30.000. 000  twelve-hour  horsepower,  the  value  of  which,  the 
author  states,  would  be  when  fully  utilized  |750,000,000  per  year. 
If  only  one-half  the  power  is  utilized,,  the  saving  to  the  country 
in  one  hundred  years  would  amount,  according  to  the  author,  to 
more  than  the  value  of  all  the  property  in  the  United  States. 
The  construction  involves  such  items  as  embankments  1000  feet 
high  and  from  ten  to  twenty  miles  in  length.  The  estimated 
cost  is  not  given,  but  can  hardly  be  less  than  |15, 000,000, 000  or 

120.000. 000.000,  or  about  as  much  as  the  present  total  value  of 
property  in  the  United  States.  The  writer  concludes,  therefore, 
that  this  scheme,  while  involving  magnificent  possibilities,  is  not 
likel}^  to  be  carried  out  at  once. 

PRIVATE  C031PANIES  .ORGANIZED  TO  BUILD  CANALS 

In  order  to  show  how  far  the  people  of  the  State  of  New  York 
became  x>ossessed  with  the  idea  that  canal  navigation  was 
essential  to  their  commercial  prosperity,  the  following  list  of 
l>rivate  comx>anies  which  had  been  organized  before  1860,  for 
constructing  canals  and  extending  navigation  in  the  State,  is 
herewith  included.  The  last  of  these  was  the  Allegheny  Kiver 
Slack  Water  Navigation  Company,  organized  in  April,  1857,  to 
improve  Allegheny  river  below  Olean.^ 

^Gazetteer  of  the  State  of  New  York,  by  J.  H.  French. 


List  of  private  companies 
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LOSS  OF  WATEH  FROM  AR/TIFICIAL  CHANNELS 

lu  order  to  provide  ample  water  supplies,  the  large  amount 
of  canal  construction  in  New  York  State  has  necessitated  the 
collection  of  considerable  information  as  to  the  various  sources 
of  loss  of  water  to  which  artificial  channels  are  subject. 

The  original  Erie  canal  was  constructed  with  the  water  sur- 
face 40  feet  wide,  the  bottom  width  28  feet,  and  the  depth  4 feet. 
In  1824  measurements  of  the  loss  from  filtration  and  evaporation 
were  made  by  John  B.  Jervis  on  the  eastern  division  and  by 
David  S.  Bates  on  the  western  division.  Mr  Jervis  states  that 
his  measurements  were  made  in  the  original  Erie  canal,  between 
the  first  locks  below  the  village  of  Amsterdam  and  the  aqueduct 
below  Schenectady,  a distance  of  18  miles.  This  section  was  con- 
structed mainly  through  an  alluvial  soil,  containing  a large  por- 
tion of  vegetable  matter.  In  some  places  this  soil  was  very 
leaky,  owing  probably  to  the  decay  of  roots,  although  the  greater 
portion  retained  water  very  well.  There  was  a considerable 
quantity  of  gravel  and  slaty  soils.  He  states  that  the  quantity 
of  water  lost  in  this  18-mile  section  was  very  uniform,  and 
averaged  2.10  cubic  feet  per  second  per  mile.^ 

Mr  Bates  states  that  his  measurements  in  1824  showed  that  a 
mile  of  new  canal,  such  as  the  Erie  canal  then  was  between 
Brockport  and  Ninemile  creek,  would  require  1.7  cubic  feet  of 
water  per  second  per  mile  in  order  to  supply  the  losses  from 
filtration,  leakage  and  evaporation.^  The  following  are  some  of 
the  details  of  Mr  Bates’s  measurements  in  1824: 

On  79  miles  of  the  canal  and  feeder,  comprising  20  miles  of 
canal  from  Kochester  to  Brockport,  57  miles  from  Kochester  to 
Cayuga,  and  2 miles  of  feeder,  the  supply  was  133  cubic  feet  per 
second,  or  1.69  cubic  feet  per  second  per  mile.  The  months 
are  not  stated,  although  it  may  be  inferred  that  these  observa- 
tions are  averages  of  the  navigation  season. 

Mr  Bates  further  states  that  in  August,  1824,  he  found  a total 
use  for  the  20  miles  from  Rochester  to  Brockport  of  35  cubic 

^Report  of  John  B.  Jeryis  to  the  Canal  Comiiiissiionei’s,  on  the  Chenango 
canal.  An.  Kept  Canal  Com.  (1834).  Ass.  Doc.  No.  55,  p.  54. 

^Report  of  David  S.  Bates  to  the  Canal  Commissioners,  on  the  Chenango 
canal  (1830).  Ass.  Doc.  No.  47,  p.  31. 
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feet  per  isecoud,  equal  to  1.75  cubic  feet  per  second  per  mile. 
This  section  of  the  original  Erie  canal  was  considered  to  be  en- 
tirely free  from  leakage  at  the  structures,  and  the  measured 
losses  are  therefore  taken  as  those  due  only  to  percolation,  ab- 
sorption and  evaporation.^ 

In  August,  1839,  Henry  Tracy  and  S.  Talcott,  acting  under  in- 
structions from  II.  Talcott,  Resident  Engineer  of  the  Fourth 
Division  of  the  Genesee  valley  canal, ‘made  a series  of  observa- 
tions along  the  line  of  Chenango  canal,  with  a view  of  determin- 
ing the  evaporation,  filtration  and  leakage  at  the  mechanical 
structures,  and  whatever  (dse  might  be  useful  in  the  designing 
of  the  water  sui)ply  of  the  summit  level  of  the  Genesee  valley 
canal. 

For  the  i)urposes  of  the  measurements  they  selected  a portion 
of  the  canal  extending  from  the  north  end  of  the  summit  level 
to  Erie  canal,  22  miles  in  length,  on  which  the  total  supply  on 
August  31  was  found  to  be  39  cubic  feet  per  second.  The  leak- 
age and  waste  at  aqueducts,  waste-weirs,  and  at  lock  No.  1 at  the 
northern  end  were  found  to  be  15  cubic  feet  per  second,  thus 
leaving  the  evaporation  and  filtration  on  22  miles  at  24  cubic 
feet  per  second,  equivalent  to  1.09  cubic  feet  per  second  per  mile. 
It  may  be  observed,  however,  that  a measurement  made  at  the 
end  of  August  would  probably  not  show  a maximum  of  either 
evaporation  or  absorption  by  vegetation.  Estimating  these  ele- 
ments at  the  maximum,  we  may  assume  from  1.33  to  1.67  cubic 
feet  per  second  per  mile  as  a more  reliable  quantity  than  the 
1.09  cubic  feet  per  second  per  mile  here  actually  observed. 

Messrs  Tracy  and  Talcott  also  measured  the  leakage  and 
waste  at  the  various  mechanical  structures,  etc.  which  were  as 
follows:  Leakage  at  structures,  3.67  cubic  feet  per  second;  waste 
at  waste-weirs,  3.40  cubic  feet  per  second;  leakage  at  lock  No.  1, 
at  the  north  end  of  the  section,  7.98  cubic  feet  per  second.  This 
amount,  Mr  Talcott  remarks,  was  so  much  greater  than  at  any 

^See  report  of  F.  C.  Mills  in  relation  to  the  Genesee  Valley  canal  (1840). 
Ass.  Doc.  No.  26,  p.  26.  See  also  report  of  W.  H.  Talcott  in  the  same  docu- 
ment. These  two  reports  contain  a summary  of  all  that  had  been  done 
in  the  way  of  measurements  of  the  various  losses  now  under  discussion  up 
to  that  time,  as  well  as  a number  of  references  to  foreign  data. 
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other  lock  on  the  canal  as  to  induce  the  belief  that  the  gates  were 
not  properly  closed  at  the  time  of  measurement.  At  lock  No.  69 
on  the  same  canal,  the  leakage  was  6.37  cubic  feet  per  second 
from  an  8-foot  lift. 

Mr  Talcott’s  report  is  very  able,  and  presents  forcibly  all  the 
data  at  hand  at  that  time.  It  may  be  said  that  the  data  which 
he  gave  fixed  the  following  quantities  as  fairly  covering  the 
various  losses  to  which  artificial  waterways  of  the  dimensions  of 
the  original  canals  of  this  State  are  subject.^ 

1)  Loss  by  filtration,  absorption  and  evaporation,  1.67  cubic 
feet  per  second  per  mile.  With  retentive  soils  this  could  be  re- 
duced to  from  1.00  to  1.20  cubic  feet  per  second  per  mile.  Mr  Tal- 
cott  fixed  on  1.10  cubic  feet  per  second  per  mile  for  the  Genesee 
valley  canal,  which  was  largely  built  through  heavy  soils,  but 
this  was  subsequently  found  too  small. 

2)  Leakage  at  mechanical  structures;  for  locks  of  11  feet  lift, 
8.33  cubic  feet  per  second;  for  leakage  and  waste  at  each  waste- 
weir,  0.50  cubic  foot  per  second;  for  a wooden-trunk  aqueduct, 
an  amount  depending  on  the  length  of  the  structure,  but  as  an 
average,  0.058  of  a cubic  foot  per  second  for  each  linear  foot  of 
trunk  may  be  taken. 

In  response  to  a resolution  of  the  Canal  Commissioners  of 
April  12,  1841,  O.  W.  Childs,  then  Chief  Engineer  of  the  Erie 
canal,  prepared  a report  on  the  water  supply  of  the  western 
division  with  reference  to  the  enlargement  then  in  progress.^ 
In  this  paper  Mr  Childs  gives  the  results  of  measurements  made 
by  himself  in  1841  of  losses  from  filtration,  absorption,  evapora- 
tion, and  leakage  on  the  original  Erie  canal  between  Wayneport, 
in  Wayne  county,  and  Pit  lock,,  which  corresponded  to  lock  53, 
near  Clyde,  of  the  present  canal.  Lie  also  gave  the  result  of 
measurements  made  by  Alfred  Barrett  between  Pittsford  and 
Lockport. 

^The  quantities  here  given  apply  to  canals  40  feet  by  28  and  4 feet  deep, 
and  with  locks  90  feet  in  length  and  15  feet  in  width  and  8 to  10  feet  lift. 

*See  Supply  of  Water  Required  for  the  Canal  Between  Lockport  and  the 
Seneca  River,  by  O.  W.  Childs  : An.  Rept  Canal  Com.  (1848).  Ass.  Doc. 

No.  16,  p.  141^175. 
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Ml'  Child’s  measurements  were  for  a section  of  the  canal 
36.02  miles  in  length.  On  the  Palmyra  level,  for  a distance  of 
8.34  miles,  where  the  soil  is  open  and  porous,  the  measurements 
showed  a loss  of  1.81  cubic  feet  per  second  per  mile.  On  the 
Clyde  level  with  a more  retentive  soil  the  losses  from  filtration, 
absorption,  and  evaporation  were,  for  a distance  of  27.68  miles, 
only  0.59  cubic  foot  per  second  per  mile.  The  entire  loss,  includ- 
ing leakage,  was,  for  the  whole  distance,  1.40  cubic  feet  per 
second  per  mile.  These  measurements  were  made  for  a term  of 
thirty-three  days,  from  July  30  to  August  31,  inclusive.  Meas- 
urements were  also  made  in  June,  early  in  July,  and  in  the  fol- 
lowing October,  from  which  the  conclusion  was  derived  that 
demands  were  greater  and  the  supply  less  for  the  time  during 
which  the  foregoing  observations  were  taken  than  during  any 
other  portion  of  the  season. 

]Mr  Barrett’s  measurements  were  made  at  various  points  on  the 
original  canal  between  Pittsford  and  Lockport,  and  repeated  each 
day  from  July  17  to  September  30,  inclusive.  They  showed  an 
average  loss  for  the  whole  period  of  1.22  cubic  feet  per  second 
per  mile.  Assuming  the  same  ratio  of  loss  between  Pittsford 
and  Wayneport,  there  resulted,  for  the  entire  distance  of  122 
miles  from  Lockport  to  Pit  lock,  an  average  loss  of  1.12  cubic 
feet  per  second  per  mile.  Mr  Childs  states  that  an  addition  to 
the  foregoing  quantity  should  be  made  as  an  allowance  for 
springs  and  several  small  streams  entering  the  canal  which 
could  not  be  measured.  Making  such  additions  he  concludes 
that  1.42  cubic  feet  per  second  per  mile  should  be  taken  as  the 
total  quantity  consumed  on  the  122  miles  of  canal  under  con- 
sideration, which  is  equivalent  to  a total  of  173  cubic  feet  per 
second.  It  is  stated  in  the  original  reports  that  the  supply  of 
water  was  ample  for  all  the  purposes  of  navigation  during  these 
measurements. 

Comparing  Mr  Childs’s  measurements  of  1841  with  those  made 
by  Messrs  Jervis  and  Bates  in  1824,  one  point  of  great  practical 
utility  is  strongly  brought  out,  namely,  as  to  the  excess  of  loss 
of  water  in  new  canals  over  those  some  time  in  use;  thus  Mr  Bates 
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found  in  1824,  oii  the  same  reach  of  canal  as  was  measured  by 
Mr  Childs  in  1841,  a total  loss  of  from  1.G8  to  1.75  cubic  feet  per 
second  per  mile.  It  may  be  assumed  that  the  springs  and 
streams  allowed  for  by  Mr  Childs  were  delivering  into  the  canal 
in  1824  the  same  as  in  1841,  at  least  0.17  to  0.25  cubic  foot  per 
second  per  mile.  We  have,  then,  as  the  total  supply  in  1824 
from  1.92  to  2.00  cubic  feet  per  second  per  mile.  Adopting  the 
latter  figure  as  a maximum  to  compare  with  Mr  Childs’s  figure 
of  1.42  cubic  feet  per  second  per  mile,  as  found  in  1841,  the  con- 
clusion is  reached  that  the  decrease  in  the  loss  by  filtration — due 
presumably  to  the  gradual  silting  up  of  the  bottom — is  some- 
thing like  0.58  cubic  foot  per  second  per  mile. 

This  conclusion  could  be  applied  to  the  conditions  of  the  Erie 
canal  improvement  of  1895  in  which  it  was  proposed  to  excavate 
one  foot  from  the  bottom  of  many  of  the  levels.  The  effect  of  this 
would  be  to  remove  the  silt  accumulations  of  many  years,  thus 
placing  the  bottom  of  the  canal,  as  regards  porousness  and  conse- 
quent percolation  and  filtration  loss,  in  the  same  condition  as 
when  first  constructed.  This  consideration  alone  indicated  the 
necessity  of  making  the  water  supply  of  the  enlarged  canal 
liberal  in  order  to  answer  the  demands  of  the  first  few  years 
while  the  bottom  was  again  attaining  a fixed  condition. 

The  experience  of  over  eighty  years  in  the  operation  of  the 
New  York  State  canals  has  thoroughly  shown  the  futility  of  any 
attempt  at  excessive  economy  in  water  supply.  In  the  absence 
of  systematic  information  as  to  yield  of  streams,  the  general 
tendency  has  been  to  overrate  the  summer  flow,  with  the  result  of 
shortage  frequently  at  points  where  the  supply  was  believed  to  be 
ample.  The  chief  sources  of  such  shortage  may  be  enumerated 
as  follows : 

1)  The  great  variation  in  the  yield  of  catchment  areas  from 
year  to  year,  by  reason  of  differences  in  the  rainfall,  humidity, 
and  temperature. 

2)  The  cutting  off  of  forests,  which  has  increased  somewhat 
the  spring-flood  flows  and  decreased  the  summer  flow. 

3)  The  systematic  drainage  of  large  areas,  which  has  also 
tended  to  increase  the  flood  flows  and  decrease  the  summer  flows. 
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4)  The  growth  of  aquatic  plants  on  long  levels  and  the  forma- 
tion of  sand  bars  in  the  canal,  which  have  tended  to  decrease  the 
amount  passing. 

Among  minor  sources  of  loss,  evaporation  and  absorption  by 
growing  plants  may  be  mentioned,  both  of  which  vary  somewhat 
in  different  years,  although  neither  can  be  considered  a serious 
source  of  loss. 

A study  of  all  the  measurements  in  detail  shows  that  in  an 
artificial  channel  of  the  dimensions  of  the  original  Erie  canal, 
there  should  be  x>tovided  at  least  1.33  to  1.G7  cubic  feet  per 
second  i)er  mile,  exclusive  of  water  for  filling  and  for  lockages. 

Using  the  data  of  the  measurements  of  1841,  Mr  Childs  arrived 
at  the  water  sui)idy  of  the  enlarged  canal  of  that  day  in  the  fol- 
lowing manner:  It  was  assumed  that  the  loss  by  filtration 

through  the  bottom  and  sides  of  the  canal  would  be  as  the  square 
root  of  the  pressure  or  depth  of  the  water,  and  as  the  area  of  the 
surface  pressed.  Proceeding  on  this  assuinx)tion,  he  computed 
the  quantity  required  to  supply  the  losses  from  filtration,  leakage, 
and  evaporation  (in  the  enlarged  canal,  1840  to  18G0),  at  3.17 
cubic  feet  per  second  per  mile.  This  figure  was  subsequently 
substantially  adopted  for  the  entire  enlarged  canal,  and,  with  the 
excejMion  of  a few  sx>ecial  cases  is  still  iii  use. 

Adding  the  amount  required  for  lockages  at  lock  53,  Mr  Childs 
I>laced  the  entire  supply  for  the  western  division,  from  Lockport 
to  the  east  end,  at  3.48  cubic  feet  per  second  i)er  mile,  or  at  a 
total  of  424  cubic  feet  per  second  for  122  miles  of  canal. 

The  canal  enlargement  of  1895  contemi)lated  an  increase  in 
depth  from  7 to  9 feet.  Taking  into  account  the  results  of  the 
measurements  on  the  original  Erie  canal,  as  well  as  those  made 
by  Mr  Childs  on  the  enlarged  canal  of  1840  to  18G0,  it  has  been 
concluded  that  the  proijer  figure  for  water  supply  on  the  western 
division,  to  which  the  studies  thus  far  specially  refer,  should  be 
taken  at  from  4.17  to  4.50  cubic  feet  per  second  per  mile.^ 

^The  foregoing  statements  in  regard  to  measurements  of  water  supply  of 
Erie  canal  are  abstracted  from  lieport  on  the  Water  Supply  of  the  Western 
Division  of  the  Erie  Canal,  by  the  writer,  and  are  to  be  found  in  Appenidx  I 
to  the  A.n.  Kept  of  the  State  Engineer  and  Surveyor  for  the  fiscal  year 
ending  September  30,  1896. 
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The  consumption  of  water  from  a navigable  canal  may  be  taken 
to  include  the  folloAving  items  : 

1)  For  filling  the  prism,  in  case  it  is  emptied  for  any  reason. 

2)  Quantity  ie(]uiired  for  lockages. 

3)  The  supply  for  replacing  water  lost  by  evaporation.  This 
head  may  be  also  taken  to  include  the  loss  by  percolation  and 
absorption  by  subsoil  and  acpiatic  plants. 

4)  Loss  by  leakage  as  at  aqueducts,  culverts,  lock  gates, 
valves,  etc. 

5)  Loss  by  wastage  at  spillways. 

0)  AA'ater  required  for  power  to  operate  lock  gates  and  for 
flushing  out  boats,  barges  and  timber  rafts,  as  well  as  for  power 
to  operate  electric  lights  at  the  locks  during  the  nights. 

7)  Quantity  required  for  industrial  and  agricultural  use. 

8)  Losses  by  evaporation,  percolation,  etc.  along  the  feeder. 
This  latter  quantity,  if  the  feeder  is  of  considerable  length,  may 
be  large  and  can  not  be  safely  neglected  in  an  estimate  as  to 
water  supply. 

There  is  no  specific  rule  for  determining  water  supplies  for 
canals.  One  chief  source  of  loss  is  percolation,  the  determination 
of  which,  in  any  particular  case,  is  a matter  of  judgment,  based 
on  experience.  In  any  case  we  may  assume  much  less  loss  with 
good  construction  than  with  poor.  The  safest  way  to  proceed  is  to 
apply  information  derived  from  well  attested  experiments. 

Table  No.  9G  gives  measurements  and  estimates  of  loss  of 
water  from  canals  in  New  York  State  b^^  evaporation,  percola- 
tion, waste,  etc.  Many  of  these  measurements  have  been  re- 
ferred to  in  the  preceding. 

In  connection  with  the  barge  canal  work,  a number  of  gagings 
were  made  at  various  points  along  the  Erie  canal,  as  at  Lock- 
port,  Boonville,  Glens  Falls  and  Rochester.  Current  meter  and 
rod  observations  were  also  made  at  Cornell  University.  It  is 
stated  in  the  barge  canal  report: 

Much  time  was  spent  in  attempting  to  find  a number  of  fair 
comparisons  in  the  results  of  the  canal  gagings  made  last  sum- 
mer (1900),  but  unforiunately  the  geological  and  topographical 
conditions  of  the  levels,  or  sections,  were  not  sufficiently  similar 
to  justify  the  acceptance  of  any  expressions  deduced  therefrom. 


(From  Barge  Canal  Report) 
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Table  No.  96— Measurements  and  estimates  of  the  loss  of  water  from  New  York  canals  by  evaporation,  percolation, 
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(From  Barge  Canal  Report) 
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SELLING  PRICE  OF  WATERPOWER 

The  original  places  in  New  York  State  at  which  hydraulic 
developnients  have  been  made  for  the  purpose  of  selling  power 
are  Oswego,  Cohoes,  Lockport  and  Niagara  Falls.  At  Oswego 
the  power  on  the  east  side  of  the  river  is  owned  b}"  the  Oswego 
Canal  Compain',  the  development  being  by  a canal  4000  feet  long, 
with  an  average  surface  width  of  60  feet  and  a depth  of  6 feet. 
The  water  from  this  canal  is  dropped  into  the  Oswego  river  at 
The  level  of  Lake  Ontario.  The  working  head  is  from  18  to  20 
feet,  although  with  high  water  in  the  canal  and  low  water  in 
Lake  Ontario,  the  working  head  becomes  somewhat  greater. 

The  State  controls  the  first  right  to  the  flow  of  the  Oswego 
river  in  order  to  maintain  slack-water  navigation  in  the  pool 
above  the  dam  at  the  head  of  the  Oswego  Canal  Company's  race- 
way; all  water  not  needed  for  canal  purposes  being  equally 
divided  between  the  Oswego  Canal  Company’s  race  on  the  east 
side  and  the  Varick  canal  on  the  west  side.  The  Oswego  Canal 
Company  gives  a 991)-y(*ar  ha\se  of  water,  but  without  land  for 
location  of  buildings.  A water  right  on  this  canal  is  called  a 
run,  meaning,  })robably,  the  amount  of  water  recpiired  to  drive 
a run  of  stone,  a run  of  water  being  taken  at  11.75  cubic  feet 
per  second  which,  under  the  ordinary  working  head  of  20  feet, 
will,  at  75  per  cent  efficiency,  produce  20  horsepower.  There  are 
assumed  to  be  32  first-class  runs,  the  rental  for  which  is  |350 
a year  for  each  run.  At  this  price  the  cost  of  a horse- 
power a year,  with  75  per  cent  efficiency,  becomes  |17.48, 
or  the  cost  of  a gross  horsepower  a year  becomes  |13.11. 
There  are  also  32  second-class  runs,  of  which  the  rental 
varies  fimm  |250  to  |300  a year  for  each  run.  Further,  there  are 
surplus  runs  which  are  rented  at  a little  over  one-half  of  the 
rental  charged  for  first-class  runs.  In  case  of  a shortage  of 
water  the  surplus  runs  are  shut  down  successively,  beginning 
with  the  most  recent  leases;  after  this  the  second-class  runs 
share  equally  with  one  another  in  reduction;  and  finally,  in  case 
of  extreme  shortage,  the  first-class  runs  are  similarly  cut  down. 

The  Varick  canal  on  the  west  side  of  the  river  controls  one- 
half  of  all  the  water  not  needed  for  navigation  purposes,  the 
same  as  the  Oswego  Canal  Company’s  canal  on  the  east  side.  In 
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order  that  the  water  may  be  divided  equally  between  these  two 
canals  both  have  the  same  aggregate  waterway  at  the  head 
gates,  and  by  gages  on  both  sides,  which  are  examined  whenever 
necessary,  it  can  be  seen  whether  one  canal  is  drawn  below  the 
other,  and  the  gates  changed  accordingly.  On  this  canal  there 
are  recognized  50  first-class  runs,  17  second-class,  and  an  un- 
limited number  of  third-class.  For  first-class  runs  the  rental  is 
from  |250  to  |300  per  annum;  for  second  and  third  class  it  ranges 
from  |125  to  |150.  By  a decree  of  the  Supreme  Court,  dated 
August  21,  1875,  a run  of  water  on  the  Varick  canal  ranges 
between  28  cubic  feet  per  second,  under  a head  of  12  feet,  and 
25  cubic  feet  per  second,  under  a head  of  13  feet.  The  actual 
working  head  is,  however,  ordinarily  only  about  10  feet,  so  that 
on  the  foregoing  basis  a run  of  water  may  be  taken  as  33.3  cubic 
feet  per  second.  At  the  price  of  first-class  runs  of  from  |250  to 
|300,  and  with  75  per  cent  efficiency,  the  cost  per  horsepower  per 
annum  varies  from  |8.80  to  |10.56,  a run  on  the  Varick  canal 
being  equal  to  33.3  cubic  feet  per  second  on  10  feet  head,  an 
amount  of  water  which  yields  37.9  horsepower  under  that  head. 

As  to  the  difference  in  cost  of  water  on  these  two  canals  at 
Oswego,  it  may  be  pointed  out  that  the  Oswego  Canal  Oompany^s 
race  has  a substantial  advantage  over  the  Varick  race,  in  that  it 
extends  to  the  harbor,  enabling  vessels  to  come  directly  along- 
side of  the  mills.  Moreover,  the  division  of  water  rights  is  such 
that  a first-class  run  of  water  can  always  be  depended  on  along 
the  Oswego  Canal  Company's  race,  but  can  not  on  Varick  canal.^ 

At  Cohoes  we  have  the  great  power  development  built  up  by 
the  Cohoes  Company,  which  has,  by  careful  management  of  the 
waterpower,  built  up  at  this  place  a fine  manufacturing  city  of 
24,000  inhabitants. 

The  Cohoes  Company  not  only  owns  all  of  the  hydraulic  canals, 
but  also  the  land  adjoining  the  canals.  It  gives  to  manufac- 
turers a perpetual  lease  of  land  and  water,  the  entire  property 
leased  remaining  subject  to  a rental  of  |200  per  year  per  mill 
power.  On  this  basis  the  land  is  regarded  as  donated  and  the 
rental  applies  only  to  the  waterpower.  Formerly,  the  standard 

' For  additional  detail  of  the  water  power  at  Oswego,  see  Report  of  Water 
Power  of  the  United  States,  Tenth  Census,  Vol.  I,  p.  24-27. 
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for  measuring  water  was  100  square  inches,  to  be  measured 
tbrongh  an  aperture  in  thin  plate  50  inches  wide,  2 inches  deep, 
and  under  a head  of  5 feet  from  the  surface  of  the  water  to  the 
center  of  the  aperture;  but  in  1859  a series  of  measurements 
were  carefully  made  under  the  direction  of  the  late  James  B. 
Francis,  using  an  old  canal  lock  as  a measuring  chamber.  These 
measurements  showed  that  the  old  standard  corresponded  to 
about  5.9  cubic  feet  of  water  per  second.  As  a result  6.0  cubic 
feet  of  water  per  second,  under  20  feet  head,  was  taken  as  a new 
standard  constituting  a mill  power.  On  this  basis  a mill  power 
is  equivalent  to  13.63  gross  horsepower,  which,,  at  |200  per  mill 
power  per  annum,  costs  |14.67  per  gross  horsepower  per  annum. 
At  75  per  cent  efficiency  the  annual  rental  for  water  per  net 
horsepower  becomes  |19.57.  In  regard  to  just  what  is  paid  for 
by  the  annual  rental,  both  at  OswegO'  and  Cohoes,  it  may  be 
remarked  that  the  foregoing  prices  are  for  water  in  the  raceway, 
the  company  maintaining  the  dams,  headworks,  and  main  race 
ways,  the  lessee  taking  the  water  at  the  face  of  the  raceway  and 
maintaining  his  own  head  gates,  flumes,  bulkheads,  wheels,  and 
any  other  appliances  necessary  for  utilizing  the  water  in  the 
production  of  power. 

The  waterpower  at  Lockport.  owned  by  the  Lockport  Hy- 
draulic Company,  is  formed  by  the  drop  of  the  surplus  water  of 
the  Erie  canal  through  a distance  of  58  feet.  A run  of  water  at 
Lockport  does  not  appear  to  be  very  well  defined,  but  the  rental 
charge  ranges  from  |12.50  to  |16.67  per  effective  horsepower. 
So  far  as  known  to  the  writer,  just  what  constitutes  an  effective 
horsepower  has  not  been  defined. 

At  Niagara  Falls  the  rental  price  of  undeveloped  hydraulic 
imwer  has  been  fixed  at  from  |8  to  |10  per  gross  horsepower  per 
annum,  the  party  renting  the  power  taking  the  water  at  the  face 
of  the  head  race  and  making  its  own  connection  with  the  dis- 
charge tunnel.  Electric  power  by  a two-phase  alternating  cur- 
rent as  it  comes  from  the  generator  is  sold  in  blocks  of  2000  or 
3000  horsepower,  at  $20  per  net  horsepower  per  annum,  the  pur- 
chasers furnishing  transformers,  motors  and  all  other  electric 
appliances.  In  small  blocks  the  price  has  been  fixed  somewhat 
higher. 
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A small  amount  of  power  has  also  been  sold  at  different  times 
at  Rochester,  but  since  the  power  at  this  place  is  nearly  all  held 
by  manufacturers  who  use  it  at  first  hand,  nothing  like  a uniform 
])rice  has  been  made  at  Rochester.  Generally,  power  rented  has 
been  in  small  quantities  and  in  connection  with  fioor  space,  the 
rental  price  being  really  for  fioor  space  with  small  power  fur- 
nished. Reckoning  on  this  basis,  small  powers  have  frequently 
been  rented  at  Rochester  at  as  high  a price  as  |100  per  horse- 
power per  year,  this  being  for  power  on  the  shaft,  all  expenses 
of  maintaining  wheels,  transmission  shafts,  etc.,  being  borne  by 
the  owner. 

The  electric  companies  at  Rochester  furnish  electric  power  in 
small  blocks  at  3 cents  per  electric  horsepower  per  hour,  which, 
on  the  basis  of  ten  hours  a ddy  and  three  hundred  and  ten  days 
a year,  becomes  |93  per  electric  horsepower  per  annum. 

FUTURE  USE  OF  WATERPOWER  IN  NEW  YORK 

In  the  foregoing  pages  we  have  seen  that  the  Erie  canal  was  a 
development  from  the  necessities  of  commerce,  not  only  for  the 
State  of  New  York,  but,  as  a means  of  connecting  the  Atlantic 
ocean  with  the  waters  of  the  Great  Lakes,  for  accelerating  the 
industrial  development  of  the  northwestern  States.  However, 
in  the  nineteenth  century  events  move  rapidly,  and  what  was  true 
of  the  Erie  canal  thirty  to  fifty  years  ago  is  not  necessarily  true 
today.  Railway  systems  have  now  developed  to  such  complete- 
ness as  to  compete  successfully  with  water  transportation  by  a 
channel  of  the  size  of  the  Erie  canal. 

During  the  period  covered  by  the  risq  and  decline  of  the  Erie 
canal  as  the  important  factor  in  through  transportation  between 
the  east  and  a larg(^  portion  of  the  west  the  economic  conditions 
of  the  interior  portion  of  New  York  have  entirely  changed.  Cheap 
transi'ortation,  by  v/ay  of  the  Erie  canal  and  the  Great  Lakes, 
has  led  to  a phenomenal  development  of  agriculture  on  the  broad 
plains  of  Minnesota  and  the  Dakotas,  where,  by  the  use  of  mod- 
ern agricultural  machinery,  grain  can  be  raised  at  a profit  at  such 
prices  as  to  drive  the  New  York  grain  grower  from  the  market. 
The  cheap  transportation  afforded  by  the  Erie  canal  has,  there- 
fore, to  a considerable  degree,  led  to  the  passing  of  supremacy 


S3S 


NE\Y  YORK  STATE  MUSEUM 


from  the  hands  of  the  eastern  farmer,  a loss  which  can  only  be 
regained  by  the  development  to  the  fullest  extent  of  the  manufac- 
turing industries  of  New  York,  thus  making  a home  market  for 
farm  products  that  can  not  be  transported  a long  distance,  such 
as  garden  truck  and  small  fruits.  The  people  of  the  State  of  New 
York  can  purchase  the  western  breadstuff s as  cheaply  as  they 
can  be  produced  at  home,  and  this  condition  is  likely  to  continue 
indefinitely. 

The  long  supremacy  of  the  navigation  interests  has  led  to  the 
incorporation  in  the  law,  jurisprudence,  and  public  policy  of  this 
State  of  certain  rules  of  action  as  to  the  right  to  use  the  water 
of  inland  streams,  which  have  tended  to  discourage  the  full  devel- 
opment of  manufacturing  interests  which  now  appears  desirable, 
although  the  waiter  views  with  satisfaction  the  rapid  change  of 
public  sentiment  now  taking  place  on  these  questions.  That 
manufacturing  industries  by  waterpower  are  rapidly  increasing 
in  the  State  is  made  sufficiently  clear  by  the  following  statistics : 

According  to  the  United  States  censuses  of  1870  and  1880  the 
total  developed  waterpower  of  the  State  of  New  York  was,  in 
1870,  208,256  horsepower;  in  1880,  219,348  horsepower;  increase 
in  the  ten  years,  11,092  horsepower.  The  increase  in  ten  years  of 
11,092  horsepower  is  equivalent  to  an  increase  of  5.4  per  cent. 
The  United  States  census  of  1890  did  not  include  any  statistics  of 
waterpower,  and  it  is  impossible  therefore  to  state  definitely  the 
horsepower  in  that  year;  according  to  the  returns  of  the  Twelfth 
Census  (1900)  there  was  over  368,000  horsepower  in  the  State 
of  New  York.^  The  manufacture  of  mechanical  wood  pulp  alone 
consumes  nearly  125,000  ^gross  horsepower.  These  figures,  while 
very  suggestive  as  to  the  future,  are  nevertheless  rendered  more 
pertinent  by  considering  that  with  full  development  of  the  water- 
storage  possibilities  of  the  State,  as  well  as  the  possibilities  of 
power  development  on  the  Niagara  and  St  Lawrence  rivers,  we 
may  hope  ultimately  to  reach  a waterpower  development  in 
New  York  something  like  the  following: 

Gross  horse- 


power 

Streams  tributary  to  Lake  Erie 3,000 

Niagara  river  (in  New  York  State) 350,000 

Genesee  river  and  tributaries 65,000 


^See  statoments  on  p.  .570. 
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Gross  liorse- 


< power 

Oswego  river  and  tributaries 40,000 

Black  river  and  tributaries 120,000 

Other  tributaries -of  Lake  Ontario 10,000 

St  Lawrence  river 400,000 

Oiswegatchie,  Grasse,  Kaquette,  St  Kegis,  Salmon, 
Chateaugay,  and  other  streams  tributary  to  the 

St  Lawrence 150,000 

Saranac,  Ausable,  Lake  George  outlet,  and  other 

streams  tributary  to  Lake  Champlain 40,000 

Hudson  river  and  tributaries,  not  including  Mohawk 

river 210,000 

Mohawk  river  and  tributaries 60,000 

Streams  tributary  to  Allegheny  river 5,000 

Streams  tributary  to  Susquehanna  river 25,000 

Streams  tributary  to  Delaware  river 30,000 

Waterpower  of  Erie  canal 10,000 


Total 1,518,000 


OBSTRUCTIVE  EFFECT  OF  FRAZIL.  OR  ANCHOR  ICE 

A very  serious  difficulty  in  operating  waterpowers  on  many  of 
the  more  rapid  streams  of  this  State  is  that  caused  by  the  forma- 
tion and  agglomeration  of  frazil  and  anchor  ice,  and  probably 
there  is  no  subject  in  connection  with  waterpower  development 
which  presents  so  many  difficulties  as  this.  So  far  as  can  be 
learned,  nothing  has  been  done  in  the  State  in  the  way  of  studying 
these  phenomena,  although  the  waterpowers  on  many  New  York 
streams  are  reported  as  subject  to  interruption  nearly  every  year 
on  account  of  the  formation  of  frazil  and  anchor  ice.  The  way 
to  find  a remedy  is  first  to  ascertain  all  that  can  be  learned  in 
regard  to  the  difficulty  to  be  overcome.  From  this  point  of  view 
it  is  deemed  proper  to  include  herein  a short  account  of  studies 
of  frazil  and  anchor  ice  made  in  the  neighboring  Dominion  of 
Canada. 

Under  the  direction  of  John  Kennedy,  Chief  Engineer  of  the 
Harbor  Commissioners’  works  at  Montreal,  very  extensive  studies 
of  the  formation  of  frazil  and  anchor  ice  have  been  made.  The 
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teims  frazil’^  and  anchor  ice’’  have  been  used  synonymously, 
and  are  apparently  often  understood  as  the  French  and  English 
words  for  the  same  thing,  but  the  following  from  the  report  of 
the  Montreal  Flood  Commission  of  1890  will  serve  to  define  the 
difference.  According  to  this  report,  frazil  is  formed  over  the 
whole  unfrozen  surface  wherever  there  is  sufficient  current  or 
wind  agitation  to  prevent  the  formation  of  border  ice;  whereas 
the  term  anchor  ice  includes  only  such  ice  as  is  found  attached 
to  the  bottom.  Frazil  is  frequently  misused  by  being  made  to 
include  ice  formed  on  the  bottom,  as  well  as  throughout  the  mass 
and  on  the  surface  of  a river,  although  properly  it  should  be  only 
applied  to  floating  ice.  The  common  theory  has  been  that  anchor 
ice  first  forms  on  the  bottom,  subsequently  rising.  The  Montreal 
studies,  however,  show  that  this  is  hardly  true.  At  times  the 
whole  mass  of  water  from  surface  to  bottom  is  filled  with  fine 
needles  which  actually  form  throughout  the  water  mass  itself. 

As  to  the  remedy,  the  studies  are  hardly  complete  enough  to 
indicate  the  best  course  to  pursue.  As  practical  hints,  it  may  be 
stated  that  in  locating  dams  on  streams  specially  subject  to  this 
difficulty  they  should  be  placed  with  reference  to  as  long  a 
stretch  of  backwater  and  as  great  depth  as  possible,  all  the 
studies  thus  far  made  tending  to  show  that  the  formation  is  most 
extensive  in  shallow,  rapid-flowing  water.  Usually,  trouble  from 
frazil  and  anchor  ice  extends  through  a period  of  a day  or  two; 
and  at  very  important  plants,  where  even  a short  interruption 
would  be  a serious  matter,  arrangements  may  be  made  for  using- 
steam  at  the  headworks  for  keeping  the  racks  open.  This  plan 
has  been  successfully  pursued  at  the  waterworks  intakes  of  several 
of  the  Great  Lake  cities.  In  the  case  of  power  plants,  where  much 
larger  quantities  of  water  are  required  and  the  stream  flows  with 
greater  velocity,  the  amount  of  steam  required  may  be  very  large.^ 

^For  literature  of  frazil  and  anchor  ice  see  (1)  Report  of  the  Montreal 
Flood  Commissioners  of  1886;  (2)  Reports  of  the  Harbor  Commissioners  of 
Montreal  for  the  years  1885,  1887,  and  1895;  (3)  Paper  on  Frazil  Ice  and 
Its  Nature,  and  the  Prevention  of  Its  Actions  in  Causing  Floods,  by  George 
H.  Henshaw,  Trans.  Can.  Soc.  C.  E.  Vol.  I,  Part  I,  p.  1-23 ; and  (4)  Paper 
on  the  Formation  and  Agglomeration  of  Frazil  and  Anchor  Ice,  by  Howard 
T.  Barnes,  in  Canadian  Engineer,  Vol.  V (May,  1897). 
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MUNICIPAX.  WATER  SUPPLIES  IN  WESTERN  NEAV  YORKi 

In  1894,  in  a paper  read  before  the  Buffalo  Academy  of  Medi- 
cine on  The  Application  of  Intermittent  Filtration  to  Domestic 
Filters,  the  writer  stated  that  a number  of  years  before  he  had 
had  occasion  to  examine  somewhat  in  detail  every  possible  source 
from  which  either  a temporary  or  permanent  supply  of  potable 
water  could  be  drawn  for  the  city  of  Kochester.  In  the  course 
of  the  study  something  like  eighteen  distinct  sources  were  ex- 
amined, with  the  result  of  showing  that,  taking  into  account  every- 
thing, the  choice  was  really  narrowed  to  Hemlock’  lake,  the  source 
formerly  selected,  but  which,  while  admittedly  of  unexceptionable 
quality,  was  still,  in  the  opinion  of  many  citizens,  hardly  avail- 
able as  an  additional  supply  by  reason  of  the  great  distance 
(thirty  miles)  which  the  water  must  be  transported. 

The  result  of  a fairly  exhaustive  examination  was  to  show, 
however,  that  taking  into  account  quality  as  well  as  cost  of  ob- 
taining a given  quantity,  it  followed  that  Hemlock  lake,  even 
though  thirty  miles  distant,  was  by  far  the  preferable  source  of 
supply  for  the  city  of  Rochester. 

Western  New  York,  looked  at  casually,  would  be  considered  a 
well-watered  region,  and  since  making  the  examination  in  ques- 
tion it  has  always  seemed  an  exceedingly  interesting  fact  that 
the  repeated  selection  of  Hemlock  lake  as  a natural  source  of  a 
potable  water  supply  for  the  city  of  Rochester,  by  all  the  engi- 
neers who  have  examined  the  matter  in  detail  since  about  1860, 
when  it  was  first  proposed,  down  to  the  present,  should  show 
clearly  that  potable  water  of  high  quality  and  in  large  quantity 
is  in  reality  rather  a scarce  commodity  in  western  New  York. 

Since  that  time  employment  upon  water  supplies  in  different 
parts  of  western  New  York  has  still  further  shown  how  exceed- 
ingly scarce  potable  water  is  in  this  part  of  the  State.  Pure 
water  is  a scarce  commodity  here,  and  the  study  must  be  very 
broad  in  order  to  select  the  most  available  and  least  expensive 
supply  of  proper  quality  for  a town. 

^Partly  condensed  from  Report  of  Executive  Board  of  Rochester  for  1890. 
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On  account  of  similarity  of  conditions  the  facts  gained  in  the 
Rochester  study  are  of  general  interest  to  the  towns  of  western 
New  York,  and  accordingly  a brief  account  of  the  studies  made 
in  1890  is  herewith  given. 

Domestic  Water  Supply  of  Rochester 

The  object  of  the  investigation  was  to  determine  the  cheapest 
source  from  which  a proper  temporary  supply  of  water  for  the 
city  of  Rochester  could  be  obtained.  A number  of  sources  within 
short  distances  were  examined,  but  it  was  found  that  in  every 
instance  where  the  quality  was  satisfactory  the  quantity  was  not. 
On  the  other  hand,  where  the  requisite  quantity  was  available, 
the  contamination  was  such  as  to  necessitate  filtration.  The 
deficiency  in  the  supply  was  estimated  at  1,500,000  gallons  per 
day,  and  since  Rochester  was  growing  rapidly,  the  shortage  was 
likely  to  amount  to  2,000,000  gallons  per  day  before  a new  con- 
duit could  be  constructed.  We  will  first  refer  to  Hemlock  lake, 
the  main  source  of  supply  for  Rochester. 

Hemlock  lake.  In  1872  Hemlock  lake  was  decided  upon  as  the 
water  supply  of  the  city  of  Rochester.  This  lake  lies  at  an  ele- 
vation of  38G  feet  above  the  Erie  canal  aqueduct  at  Rochester, 
and  a gravity  conduit  was  therefore  constructed  capable  of  carry- 
ing 7,000,000  gallons  per  day,  although  in  1876,  immediately  after 
its  completion,  this  conduit  was  reported  as  carrying  9,300,000 
gallons  per  day.  No  systematic  tests  had  been  made  until  1890, 
when  it  was  found  to  be  carrying  only  6,700,000  gallons  per  day. 
In  the  meantime,  the  city  had  developed  from  a population  of 
89,000  in  1880  to  134,000  in  1890,  and  the  natural  increase  in  the 
use  of  water  had  exhausted  the  available  supply.  At  least  two 
years  was  required  to  construct  a new  conduit  and  accordingly 
it  became  necessary  that  a temporary  supply  of  some  sort  be  pro- 
vided to  tide  over  the  emergency.  The  investigation  considered 
every  possible  source  from  which  a supply  could  be  obtained. 
Mount  Hope  reservoir  is  about  two  miles  south  of  the  center  of 
the  city  and  Rush  reservoir  ten  miles  south.  Just  south  of  Mount 
Hope  reservoir  there  is  a deep,  broad  valley  several  miles  wide, 
while  south  of  Rush  reservoir  is  the  valley  of  Honeoye  creek. 
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Table  No.  97  comprises  the  averages  of  the  regular  weekly  sani- 
tary analyses,  as  made  for  the  Health  Department  of  Rochester  by 
Fred  R.  Eilinger : 


Table  No.  97. — Analyses  of  hemlock  lake  water  for  1902 
(Parts  per  100,000) 


Month 

Total  solid  residue 
dried  at  100  de- 
grees C 

1 

Fixed  residue  at 
a low  red  heat  j 

Volatile  at  a low 
red  heat 

Free  ammonia 

Albuminoid 

ammonia 

Chlorine  in 

chlorides 

i Nitrogen  in 

nitrates 

Nitrogen  in 

nitrites 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

(D 

(8) 

(9) 

January 

9.875 

6.375 

3.500 

0.0010 

0.0092 

0.2200 

Trace 

None 

February  

9.500 

5.875 

3.625 

0.0010 

0.0081 

0.2200 

March  

9.500 

6.000 

3.500 

0.0010 

0.0087 

0.2175 

April  

9.125 

5.750 

3.375 

0.0010 

0.0087 

0.2200 

i ( 

May 

' 9.125 

6.000 

3.125 

0.0010 

0.0091 

0.2225 

‘‘ 

( i 

June 

1 9.875 

5.875 

4.000 

0.0010 

0.0091 

0.2275 

July 

10.666 

6.666 

4.000 

0.0010 

0.0091 

0.2200 

“ 

August 

1 10.125 

6.437 

3.687 

0.0011 

0.0090 

0.2200 

6 i 

Sej)teniber ! 

9.750 

6.250 

3.500 

0.0010 

0.0090 

0.2150 

i ( 

October  

9.125 

5.375 

3.750 

0.0011 

0.0086 

0.2150 

i ( 

November i 

9.125 

6.125 

3.000 

0.0010 

0.0086 

0.2175 

December  ' 

9.250 

5.875 

3.375 

0.0020 

0.0088 

0.2175 

Average 1902j 

9.586 

6.050 

3.536 

0.0011 

0.0088 

0.2177 

- 

“ ....19011 

1 

1 

9.833 

6.239 

3.594 

0.0010 

0.0089 

0.0221 

Hardness  is  not  ordinarily  determined  because  it  does  not  vary 
much,  being  nearly  constant  from  3’ear  to  year.  The  following  by 
Mr  Eilinger  shows  the  small  variation: 

Total  hardness,  parts  per  100,000 


December  7,  1895 6.70 

December  21,  1895 6.70 

January  18,  1896 6.20 

Februar^^  1,  1896 6.80 

April  10,  1897 6.20 

Mays,  1897 6.80 

July  9,  1898 7.30 

June  19,  1903 6.80 

June  10,  1904 • 6.70 
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The  following  shows  the  more  important  results  of  the  weekly 
biological  examinations  of  Hemlock  lake  water  which  have  taken 
place  from  1896-1902,  inclusive.  These  determinations  have  been 
made  by  Prof.  Charles  Wright  Dodge,  of  the  University  of  Roch- 
ester, using  for  the  plant  and  animal  organisms,  exclusive  of  bac- 
teria, amount  of  amoridious  matter,  average  number  of  moulds, 
etc.  the  Sedgwick-Rafter  method.^  The  determinations  of  bac- 
teria have  been  made  by  standard  bacteriological  methods. 


1896 

1897 

1898 

1899 

1900 

1901 

1902 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Average  number  of  plant  and  animal 
organisms  (exclusive  of  bacteria)  per 
cubic  centimeter  of  unflltered  watei', 
i.  e.,  water  as  it  comes  from  the  tap. . . 

135.95 

83.26 

62. 8 > 

74.94 

56.88 

88.07 

141.69 

Average  amount  of  amorphous  matter, 
i.  e.,  iron  rust  from  the  pipes,  earthy 
matter,  etc.,  in  standard  units  per 
cubic  centimeter  of  unfiltered  water. . 

74.41 

48.84 

43.0 

41.37 

37.71 

38.59 

41.87 

Average  number  of  bacteria  per  cubic 
centimeter  of  unfiltered  water 

334.0 

101.0 

94.0 

51.0 

52.2 

103.75 

102.70 

Average  number  of  moulds  per  cubic 
centimeter  of  unfiltered  water 

3.8 

10.6 

14.4 

8.4 

8.9 

16.0 

16.45 

Average  number  of  genera  of  organisms 
per  examination 

1 

- 

8.2 

6.6 

7.5 

5.6 

6.1 

5.14 

The  following  eighteen  sources  were  considered:  Gates  bored 
well;  driven  or  bored  wells  in  the  bottom  lands  south  of  Mount 
Hope  reservoir;  Irondequoit  creek  and  its  tributaries;  Red  creek; 
Little  Black  creek;  springs  and  well  at  Goldwater;  Snow 
springs;  Hubbard  springs;  Black  creek;  Oatka  creek;  Caledonia 
springs;  Mendon  ponds;  pond  near  Bushnell  Basin;  Ironde- 
quoit bay;  Lake  Ontario;  Erie  canal;  Honeoye  creek  at  East 
Rush,  and  Genesee  river.  The  following  is  a brief  description 
of  these  several  sources  as  mostly  taken  from  the  reports  of  the 
Executive  Board  of  Rochester. 

The  Gates  well.  This  well  is  situated  about  one  mile  west  of 
the  Rochester  city  line.  The  surface  of  the  ground  at  the  well  is 
27.5  feet  above  the  Erie  canal  aqueduct,  or  96.5  feet  below  the  nor- 
mal water  surface  in  Mount  Hope  reservoir.  A test  of  the  quantity 
of  water  to  be  obtained  from  this  well  was  made  by  the  writer  in 
the  latter  part  of  May,  1890,  and  a full  report  of  the  results  of 

^This  method  of  biological  analysis  is  ‘described  in  The  Microscopical 
Examination  of  Potable  Water,  by  Geo.  W.  Rafter.  See  also  The  Microscopy 
of  Drinking  Water,  by  Geo.  C.  Whipple. 
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such  test,  together  with  analyses  of  the  water,  was  submitted  to 
the  Executive  Board  on  June  1,  1890.  From  a sanitary  point  of 
view  the  water  was  considered  good,  although  having  a hardness 
of  21°  and  containing  a slight  amount  of  sulphureted  hydrogen. 
The  well  was  drilled  about  forty  years  ago  for  testing  the  exist- 
ence of  oil  in  the  locality,  but  on  obtaining  a large  flow  of  water 
it  was  partially  plugged  up  and  abandoned,  and  only  a small 
quantity  of  water  had  been  allowed  to  escape  from  it  for  the 
whole  time  prior  to  May,  1890.  Soundings  indicated  that  the 
6.5-inch  casing  extended  twenty  feet  below  the  surface  of  the 
ground,  at  which  depth  limestone  rock  was  encountered,  and  at 
a depth  of  fifty-five  feet  stones  or  other  obstructions  were  found. 
The  actual  depth  of  the  boring  is  not  definitely  known,  but  ac- 
cording to  the  memory  of  persons  interested  in  the  venture,  it 
was  continued  to  a depth  of  from  140  to  160  feet. 

From  the  25th  to  the  31st  of  May,  1890,  6,630,000  gallons  were 
pumped  from  the  well  at  an  average  rate  of  about  947,140  gal- 
lons in  24  hours,  while  the  natural  flow  from  the  unplugged  hole 
before  beginning  the  pumping  was  about  300,000  gallons  in  the 
same  length  of  time.  After  the  pumping  test  was  ended  the 
natural  flow  continued  as  before.  These  results  gave  promise 
of  obtaining  a sufficiently  large  supply  for  temporary  purposes 
at  a comparatively  small  cost,  specially  if  another  well  of  equal 
capacity  could  be  drilled  in  the  same  locality.  With  this  object 
in  view  the  well  was  leased  for  three  years,  and  a pumping  en- 
gine of  a capacity  of  2,000,000  gallons  per  day  was  purchased. 
Some  doubt,  however,  was  entertained  with  respect  to  the  perma- 
nency of  the  flow  from  the  well,  chiefly  because  the  month  of  May 
was  very  wet,  6 inches  of  rainfall  having  fallen  in  that  month  at 
Rochester.  On  the  contrary,  June,  July  and  August,  1890,  were 
very  dry,  only  6.59  inches  falling  in  the  three  months.  Accord- 
ingly, before  the  arrival  of  the  new  engine,  a second  and  longer 
test  was  made. 

This  second  test  was  commenced  August  18, 1890,  and  continued 
with  few  intermissions  until  September  10,  1890.  At  the  begin- 
ning it  was  found  that  the  natural  flow  had  greatly  diminished, 
and  that  only  a small  quantity  of  water  ran  over.  After  pump- 
ing for  one  week  at  the  average  rate  of  818,750  gallons  in  24  hours. 
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the  machinery  was  stopped,  whereupon  the  water  fell  to  a level 
of  6 feet  below  the  top  of  the  casing,  and  rose  only  1.6  feet  during 
the  following  seventeen  hours,  at  the  end  of  which  time  pumping 
was  resumed.  From  August  26  to  August  29  an  average  of 
714,780  gallons  per  24  hours  was  pumped,  with  the  result  of  re- 
ducing the  water  in  the  well  to  a level  of  8.8  feet  below  the  to}> 
of  the  casing.  During  the  interval  between  2.52  p.  m.  of  August 
29  and  3.30  p.  m.  of  September  2,  the  water-level  gradually  rose 
to  a ])oint  0.46  foot  below  the  top  of  said  casing.  At  the  last 
named  time  the  pump  was  again  started  and  continued  in  full 
operation  until  7 p.  m.  of  September  10,  discharging  on  the  aver- 
age 653,000  gallons  per  24  hours,  and  finally  lowering  the  water 
level  to  9.58  feet  below  the  top  of  the  casing. 

The  result  of  the  foregoing  test  was  discouraging;  and  as  the 
geologic  characteristics  of  the  region  were  unfavorable  to  the 
l)resumption  that  a sufficiently  large  and  permanent  supply  of 
good  water  could  be  obtained  from  the  underlying  strata,  even 
though  a number  of  other  experimental  wells  were  sunk  in  the 
vicinity,  and  also  because  the  owner  of  the  premises  refused  to 
j)ermit  another  well  to  be  drilled  on  his  land  without  much  addi- 
tional compensation,  it  was  deemed  more  prudent  to  examine 
other  available  sources  before  incurring  the  further  large  expense 
involved  by  the  construction  of  the  proposed  pumping  station 
and  force  main  to  the  city. 

The  following  are  the  analyses  of  water  from  this  well,  as  made 
by  Prof.  S.  A.  Lattimore.  (1)  was  taken  on  May  9,  1890,  before 
beginning  any  test;  (2)  was  taken  on  May  27,  1890,  after  three 
days  continuous  pumping,  and  (3)  was  taken  on  May  31,  1890, 
after  seven  days  continuous  pumping. 

(Parts  per  lOOfiOO) 


(1)  (2)  (3) 

Total  solids 35.00  35.50  35.50 

Loss  on  ignition 10.50  10.50  10.50 

Fixed  residue 24.50  25.00  25.00 

Sodium  chloride trace  trace  trace 

Ammonia,  free none  none  none 
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(1) 

(2) 

(3) 

Ammonia,  albuminoid 

none 

none 

Nitrites  

....  none 

none 

none 

Nitrates  

none 

none 

Hardness  

21.50 

21 . 00 

21 . 00 

The  preceding  analyses  show  that  the  quality  of  the  water  is, 
from  a sanitary  point  of  view,  quite  beyond  reproach.  Chemical, 
microscopical  and  bacteriological  examinations  have  been  made 
and  all  point  to  the  same  conclusion — that  this  water  is  safe  for 
domestic  use,  although  its  hardness  is  higher  than  that  of  the  Hem- 
lock lake  water  and  it  contains  a small  amount  of  sulphureted 
hydrogen,  but  too  small  to  be  detected  when  the  samples  arrived 
at  the  laboratory. 

Wells  in  low  district  south  of  Mount  Hope  reservoir.  An  exami- 
nation of  the  shallow  wells  in  the  valley  to  the  south  of  the  Mount 
Hope  range  of  hills  showed  that  the  water  was  not  only  very 
hard,  but  in  many  cases  also  tainted  with  sulphur.  None  of  these 
wells  has  ever  overflowed,  nor  has  their  yielding  capacity  been 
tested  by  pumping.  From  the  geologic  and  topographic  char- 
acteristics of  the  valley  there  wms  no  hope  that  the  required 
quantity  of  suitable  water  from  a series  of  driven  or  bored  wells 
therein  could  be  secured. 

As  a matter  of  interest  it  may  be  mentioned  that  after  the 
eighteen  sources  had  been  thoroughly  investigated,  a private 
company  knowm  as  the  Kochester  AVater  Supply  Company  under- 
took to  furnish  an  additional  supply  of  2,000,000  gallons  per  day 
from  the  wells  situated  in  this  low  district  south  of  the  Mount  Hope 
reservoir.  They  put  down  a considerable  number  of  driven  wells, 
but  w ere  unable  -to  pump  more  than  about  500,000  gallons  per 
day.  Efforts  were  made  to  increase  this  quantity  by  boring  more 
wells  and  providing  pumps  of  larger  capacity,  but  without  avail — 
the  subterranean  supply  was  found  to  be  limited  to  the  amount 
named.  The  prediction,  therefore,  in  the  original  report  that 
there  was  no  hope  for  a water  supply  from  this  point  was  abun- 
dantly verifled. 

Irondequoit  creek.  This  source  may  be  reached  at  its  nearest 
point  to  Mount  Hope  reservoir  in  a distance  of  flve  miles.  The 
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point  in  question  is  near  the  mouth  of  the  tributary,  Allen’s 
creek,  and  the  catchment  area  above  the  same  is  large  enough  to 
justify  the  assumption  of  a minimum  flow  of  2,000,000  gallons  per 
day.  The  lift  to  Mount  Hope  reservoir,  including  friction  head 
in  a 16-inch  force  main,  would  be  at  least  300  feet.  Filtration  of 
the  water  would  be  required,  and  the  total  cost  of  the  works  on 
this  plan  may  be  placed  at  $100,000. 

Allen’s  creek  was  the  only  available  tributary  to  Irondequoit 
creek,  and  may  be  reached  at  a distance  of  two  miles  from  Mount 
Hope  reservoir.  At  this  point,  however,  the  minimum  flow  was 
probably  much  less  than  the  desired  quantity,  so  that  storage 
works  would  have  become  necessary.  The  water  was,  moreover, 
liable  to  contamination  from  the  sewage  of  the  county  buildings. 

Red  ci'eek.  This  stream  rises  in  the  southeastern  part  of  Hen- 
rietta, and  after  flowing  northwesterly,  enters  Genesee  river  a 
little  over  one  and  one-half  miles  southerly  from  Mount  Hope 
reservoir.  Its  catchment  area  was  too  small  to  insure  the  re- 
quired daily  volume  in  periods  of  drought,  and  its  waters  were 
often  highly  discolored  by  swamp  drainage — in  consequence  of 
which  it  is  named  Red  creek. 

Little  Blade  creek.  This  stream  rises  near  the  middle  of  the 
town  of  Ogden,  and  after  a short  southerly  course  flows  through 
the  southern  parts  of  Ogden  and  Gates  to  Ooldwater  station  and 
thence  to  Genesee  river.  Its  mouth  is  about  three  and  one-half 
miles  southwest  from  Mount  Hope  reservoir,  and  the  water  in 
the  river  is  here  about  127  feet  below  said  reservoir.  All  of  the 
springs  in  the  vicinity  of  Ooldwater,  as  well  'as  Snow  springs 
farther  west,  discharge  into  this  creek  after  flowing  through  ex- 
tensive swamps.  Casual  examination  of  the  stream  near  Cold- 
water  showed  not  only  that  the  water  could  not  safely  be  used 
for  drinking  purposes  without  filtration,  but  also  that  its  flow 
was  not  more  than  1,500,000  or  2,000,000  gallons  per  day.  Under 
these  circumstances  this  source  could  not  be  recommended,  as  it 
was  certain  that  the  flow  would  diminish  greatly  during  a dry 
season. 

Wells  at  Ooldwater.  It  was  rumored  that  a large  supply  of 
excellent  water  could  easily  be  obtained  from  wells  at  Coldwater, 
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and  that  the  New  York  Central  & Hudson  River  Railv/ay  Com- 
pany was  pumping  regularly  about  300,000  gallons  per  day  from 
a single  deep  well  at  this  point.  In  order  to  obtain  authentic 
information,  application  was  made  to  the  railroad  officials,  from 
whom  it  was  learned  that  said  well  was  adjacent  to  the  creek  and 
had  a depth  of  not  more  than  ten  feet;  also  that  the  bottom  of 
the  well  did  not  reach  the  rocky  strata  below,  and  that  the  entire 
pumpage  did  not  exceed  100,000  gallons  per  day;  and  during  the 
summer  months  they  had  difficulty  in  obtaining  a sufficient  supply 
for  their  engines,  and  that  their  well  affected  another  well  in  the 
vicinity,  which  would  indicate  that  the  supply  was  limited.  It 
was  also  stated  that  both  the  railroad  officials  and  several  brew- 
ing companies  in  Rochester  had  made  a thorough  study  of  the 
availability  of  this  point  as  a source  for  obtaining  a large  supply 
of  water,  and  the  adverse  reports  of  a number  of  experts  led  to 
the  abandonment  of  the  enterprise.  It  was  obvious,  therefore, 
that  little  confidence  could  be  placed  in  well  or  springs  in  this 
locality  for  municipal  purposes. 

This  view  is  likewise  shared  by  an  experienced  well-driller  who 
has  sunk  more  than  one  hundred  deep  wells  in  the  vicinity  of 
Rochester,  and  who  asserts  that  the  yield  of  the  Gates  well  is 
without  precedent  in  this  county.  No  guarantee  can  be  given 
that  a sufficient  quantity  of  water  will  be  found  at  any  depth, 
or  from  any  number  of  wells  within  such  distance  of  each  other 
as  would  admit  of  their  being  coupled  together  and  controlled 
by  a single  pumping  engine.  " It  may  be  remarked  that  Coldwater 
is  about  25  feet  above  the  level  of  the  Erie  canal  aqueduct  in 
Rochester  and  about  six  miles  west  of  the  City  Hall. 

The  Snow  springs.  These  springs  are  situated  on  the  farm  of 
John  Snow,  on  both  sides  of  the  Buffalo  road,  and  about  seven 
miles  west  of  the  center  of  the  city  of  Rochester.  The  surface 
of  the  ground  in  the  locality  is  stated  at  60  feet  above  the  level 
of  the  canal  aqueduct.  It  was  thought  that  by  properly  developing 
all  of  these  springs  a combined  flow  of  from  100,000  to  200,000 
gallons  per  day  could  be  obtained  during  the  dry  season.  The 
water  was  said  to  be  of  excellent  quality  and  entirely  free  from 
sulphur,  but  the  quantity  available  was  altogether  too  small  to 
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justify  the  expense  of  its  collection  and  delivery  separately  to  the 
city.  The  following  are  analyses  of  the  water  from  Snow  springs 
as  made  by  Professor  Lattimore : 

{Parts  per  lOOftOO) 


(1) 

(2) 

Total  solids 

26.5 

26.0 

Loss  on  ignition 

10.0 

10.0 

Fixed  residue 

16.5 

16.0 

Sodium  chloride 

trace 

Ammonia,  free 

none 

Ammonia,  albuminoid 

none 

Nitrates  

none 

Nitrites  

none 

Hardness  

18.0 

17.5 

The  Huhhard  springs.  These  springs  are  also  situated  on  both 
sides  of  the  Buffalo  road  in  Ihe  village  of  North  Chili,  about  9.5 
miles  distant  from  the  center  of  Rochester.  On  July  8, 1890,  their 
combined  discharge  was  about  375,000  gallons  per  day,  as  de- 
termined by  weir  measurement.  A portion  of  this  flow,  however, 
came  from  a spring  w^hich  was  slightly  tainted  with  sulphur,  be- 
ing similar  in  this  respect  to  the  water  of  Gates  well.  Whether 
the  flow  could  be  materially  and  permanently  increased  by  exca- 
vating, boring  or  pumping  operations,  could  not  be  foretold,  but 
it  was  considered  improbable  that  it  could  be  increased  sufficiently 
to  yield  1,500,000  gallons  per  day.  The  elevation  of  these  springs 
is  estimated  at  about  01  feet  above  the  canal  aqueduct,  or  about 
the  same  level  as  Snow  springs,  two  and  one  half  miles  east.  The 
discharge  is  into  Black  creek. 

It  was  suggested  that  the  flow  from  the  Hubbard  and  Snow 
springs  should  be  united  in  a single  conduit  which  would  convey 
the  water  by  gravity  to  a pumping  station  located  at  or  near 
Coldwater,  whence  it  would  be  forced  into  the  city  mains.  The 
two  series  of  springs  are  on  different  catchment  areas,  and  it  was 
probable  that  the  expense  of  cutting  through  the  intervening 
ridge  would  have  been  too  great  to  render  such  a project  feasible, 
even  if  there  was  a possibility  of  securing  the  requisite  quantity. 
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Blade  creek.  This  stream  flows  into  the  Genesee  river  on  the 
west  side  at  a point  about  four  miles  southwest  of  the  Mount  Hope 
reservoir.  Its  caitchment  area  is  so  large  that  there  could  be  no 
question  as  to  the  sufficiency  of  the  stream  to  furnish  the  desired 
amount  of  water.  The  quality  of  the  water  is,  however,  very  ob- 
jectionable, since  it  contains  73.4  grains  of  solid  matter  per  gal- 
lon. The  stream  also  flows  through  extensive  swampy  districts 
so  that  filtering  would  be  indispensable  in  order  to  fit  the  water 
for  domestic  use.  The  cost  of  the  necessary  filtering  and  pumping 
plant,  with  force-main  to  the  reservoir,  would  amount  to  at  least 
180,000. 

Oatka  creek.  The  confluence  of  this  stream  with  the  Genesee 
river  is  about  one  mile  east  of  Scottsville  and  a little  more  than 
nine  miles  in  a direct  line  southwest  of  the  Mount  Hope  reservoir. 
At  Scottsville  the  entire  dry  weather  flow  is  diverted  into  the  old 
Genesee  valley  canal,  through  which  it  flows  to  the  southern  por- 
tion of  Kochester,  where  it  is  carried  in  a pipe  under  the  river  into 
the  Erie  canal  feeder.  During  the  season  of  navigation  on  Erie 
canal  the  State  has  the  first  claim  upon  the  water,  and  it  was  con- 
sidered doubtful  wliether  permission  to  use  any  portion  thereof 
could  be  obtained.  Assuming,  however,  thaf  such  consent  was  ob- 
tained, it  would  not  be  advisable  to  use  the  water  for  drinking  pur- 
poses without  filtration,  as  the  creek  receives  considerable  sewage 
from  the  villages  of  Warsaw  and  Leroy,  besides  the  waste  water  of 
the  salt  works  in  the  Wyoming  valley  and  the  surface  drainage 
from  Scottsville  and  a number  of  other  small  villages. 

The  suggestion  was  also  made  to  obtain  the  needed  temporary 
supply  from  the  old  Genesee  valley  canal  within  the  city  limits, 
it  being  taken  for  granted  that  permission  to  do  so  could  be  se- 
cured from  the  canal  authorities.  If  this  had  been  carried  out, 
the  same  objection  to  the  use  of  the  water  without  filtration  would 
likewise  be  valid,  and  might  even  become  stronger  when  it  is  re- 
membered that  in  many  places  between  Scottsville  and  Rochester 
the  old  canal  prism  contains  dense  growths  of  aquatic  vegeta- 
tion, the  emanations  ^^om  which  have  been  the  cause  of  much 
complaint  from  persons  residing  in  the  vicinity.  This  vegetation, 
furthermore,  greatly  retards  the  flow  of  the  water;  hence,  if  an 
adequate  supply  for  both  the  Erie  canal  and  the  city  were  to  be 
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furnished  bjthe  old  canal,  the  channel  would  have  to  be  thoroughly 
cleared  out  for  a distance  of  several  miles  and  maintained  in  this 
condition.  The  cost  of  such  an  undertaking,  in  addition  to  the 
necessary  expense  of  filtering  the  water,  rendered  this  source 
undesirable. 

Caledonia  springs.  These  springs  are  nineteen  miles  southwest 
of  Rochester  and  have  a flow  of  from  2,000,000  to  4,000,000  gallons 
per  day.  A considerable  length  of  the  outlet  is  now  used  by  the 
State  Fish  Commissioners  for  hatching  purposes,  so  that  if  the 
water  had  been  taken  by  the  city,  the  intake  would  doubtless 
have  had  to  be  located  below  the  hatching  station.  Such  a loca- 
tion would  have  been  undesirable  unless  the  water  were  filtered. 
In  regard  to  elevation,  Mr  Marsh  stated  that  this  water  could  be 
conveyed  to  the  city  in  })ipes,  but,  on  account  of  the  distance,  not 
at  a hight  sufficient  for  distribution  by  gravity.  A pumping  sta- 
tion would  therefore  have  been  required  in  this  case  also  and  the 
expense  of  constructing  the  works  was  estimated  at  more  than 
$200,000,  exclusive  of  the  filters.  The  permanent  hardness  of  the 
Caledonia  springs  is  stated  at  about  70  parts  per  100,000.  Their 
source  is  in  the  horizon  of  the  gypsum. 

Mendon  ponds.  These  four  ponds  are  situated  in  the  north- 
western part  of  Mendon,  and  are  the  sources  of  the  main  branch 
of  Irondequoit  creek.  The  one  which  was  considered  best  adapted 
as  a source  for  a temporary  supply  for  Rochester  is  called  Deep 
pond,  and  is  about  three  and  one  half  miles  east  of  the  Rush  reser- 
voir and  seven  miles  south  of  the  Mount  Hope  reservoir,,  both  dis- 
tances being  measured  in  direct  lines.  Its  surface  is  from  100  feet 
to  110  feet  below  the  level  of  the  former  reservoir,  as  determined  by 
a barometric  observation.  The  outflow  is  about  500,000  gallons 
per  day.  Under  these  circumstances  they  could  not  be  regarded 
as  available  for  the  needs  of  the  city  of  Rochester. 

Pond  near  Bushnell  Basin.  This  pond  is  located  in  the  south- 
western part  of  Perinton,  and  is  somewhat  more  than  eight  miles 
southeast  of  the  Mount  Hope  reservoir  in  a direct  line,  while  its 
surface  is  about  208  feet  below  the  level  o^said  reservoir.  Consid- 
ered by  itself,  the  pond  could  not  be  regarded  as  capable  of  fur- 
nishing a daily  supply  of  2,000,000  gallons  for  a long  period,  since 
it  has  a very  small  catchment  area,  no  visible  outlet,  and  does 
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not  appear  to  be  fed  copiously  by  springs.  It  was  proposed  by  a 
private  corporation  in  Rochester  to  supply  this  pond  from  Iron- 
dequoit  creek  and  certain  springs  in  the  vicinity,  thus  treating  it 
as  a storage  basin  from  which  a large  quantity  of  water  could  be 
pumped  daily  into  the  Mount  Hope  reservoir.  It  was,  however,  cer- 
tain that  the  expense  of  obtaining  a temporary  supply  from  this 
source  would  be  large,  a preliminary  estimate  of  the  cost  of 
works  capable  of  delivering  2,000,000  gallons  per  day,  being  about 
1180,000.  This  plan  was  therefore  not  adopted. 

Irondequoit  hay.  This  body  of  water  is  390  feet  below  the  Mount 
Hope  reservoir  and  the  distance  from  said  reservoir  to  the  nearest 
point  where  an  intake  could  be  located  in  deep  water,  free  from 
extensive  growths  of  flags,  etc.  is  about  6.25  miles.  The  unsani- 
tary condition  of  the  water,  resulting  from  the  presence  of  a vast 
quantity  of  aquatic  vegetation  as  well  as  the  discharge  of  sewage 
from  populous  districts  on  the  east  side  of  the  city,  rendered  this 
source  undesirable. 

Lake  Ontario.  By  constructing  a pumping  station  on  the  lake 
shore  at  a point  about  one  mile  west  of  the  mouth  of  the  Genesee 
river  and  a force  main  about  eight  miles  long,  water  from  Lake 
Ontario  could  have  been  temporarily  delivered  into  the  16-inch 
distribution  main  at  the  intersection  of  Jay  and  Child  streets, 
and  thence  throughout  the  northwestern  portion  of  Rochester. 
The  water  would  of  course  have  had  to  be  delivered  at  a pressure 
somewhat  greater  than  that  which  is  due  to  the  elevation  of  the 
Mount  Hope  reservoir,  so  that  the  total  lift,  including  friction, 
would  have  amounted  to  about  440  feet,  the  lake  being  390  feet 
below  said  reservoir.  Owing  to  the  prevalence  of  westerly  winds 
the  intake  would  necessarily  have  been  west  of  the  river  in  order 
to  avoid  pumping  the  polluted  water  of  the  latter.  During  an 
easterly  wind  the  operation  of  the  pumps  would  be  suspended 
and  the  whole  supply  taken  from  the  reservoirs,  since  the  influ- 
ence of  the  river,  under  such  conditions,  has  been  traced  as  far 
west  as  Manitou  Beach,  about  eight  miles  from  the  mouth  of  the 
river.  The  proposed  nearest  site  for  the  intake  of  a temporary 
supply  was  therefore  entirely  unsuitable  for  permanent  use,  and 
would  have  to  have  been  abandoned  after  a permanent  additional 
supply  had  been  obtained  from  some  other  locality.  The  cost  of 
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the  temporary  works  for  a capacity  of  2,000,000  gallons  per  day 
was  estimated  at  |150,000,  which  is  somewhat  less  than  the  esti- 
mate made  for  the  Bushnell’s  basin  project.  For  delivering  an 
average  of  2,000,000  gallons  per  day,  the  operating  expenses 
would  have  amounted  to  |18,000  per  year. 

The  following  analyses  of  Lake  Ontario  water  were  made  in 
1902-03.'  (1)  was  taken  about  one  and  one-half  miles  out  from 
Manitou  Beach  and  the  analysis  made  by  Fred  R;  Eilinger; 
(2)  was  taken  a few  feet  below  the  surface  of  water,  about  one 
mile  west  of  the  mouth  of  the  Genesee  river  and  about  2000  feet 
out;  (3)  was  taken  at  the  mouth  of  the  Genesee  river,  2000  feet 
out  from  the  end  of  the  pier.  The  chemist  making  the  two  latter 
analyses  is  unknown — they  were  furnished  by  the  courtesy  of  J.  W. 
Lcdoux,  of  the  Lake  Ontario  Water  Company. 


(Parts  per  lOOfiOO) 


Total  solid  residue  dried  at  100°  C. 

Fixed  residue  at  low  red  heat 

Volatile  at  low  red  heat 

Sodium  chloride 

Ammonia,  free 

Ammonia,  albuminoid 

Nitrates  

Nitrites 

Temporary  hardness 

Permanent  hardness 

Total  hardness 

Sulphate  of  lime 

Carbonate  of  lime 

Carbonate  of  magnesia 


(1) 

(2) 

(3) 

12.93 

14.16 

16.10 

8.53 

4.40 

0.74 

1.32 

1.57 

0.001 

none 

none 

0.008 

trace 

0.006 

none 

trace 

trace 

none 

none 

none 

9.42 

1.19 


2.16 

2.41 

6.21 

6.30 

2.58 

2.32 

The  Erie  canal.  It  was  also  suggested  that  a temporary  sup- 
ply  be  taken  from  the  Erie  canal  at  either  the  eastern  or  the 
western  wide  waters.  The  possibility  of  a failure  of  the  canal 
banks  and  the  fact  that  the  water  is  entirely  withdrawn  from 
the  prism  every  winter  or  spring  for  some  weeks  for  the  purpose 
of  making  repairs  interfered  greatly  with  the  usefulness  of  this 
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source;  and  the  further  fact  that  the  water  is  badly  polluted 
with  sewage  from  Buffalo',  Lockport  and  a number  of  villages 
along  the  route  to  Rochester  made  it  unfit  for  domestic  use 
without  filtration.  It  was  also  doubtful  whether  the  canal 
authorities  would  permit  any  such  abstraction  of  the  water,  but 
if  the  necessary  consent  were  obtained  the  water  could  have  been 
filtered  and  pumped  directly  into  the  large  distributing  main  at 
Smith  street  at  less  expense  than  was  entailed  by  any  other 
plan  for  securing  a temporary  additional  supply,  which  has  yet 
been  mentioned.  The  risk  of  failing  to  get  water  at  times  was 
considerable,  although  when  this  occurred  a temporary  draught 
could  have  been  made  upon  the  storage  of  the  Rush  reservoir. 

Honeoye  creek.  At  the  village  of  East  Rush,  this  creek  is  about 
1.53  miles  south  of  the  Rush  reservoir  and  215  feet  below  the 
level  of  the  same.  Water  therefrom  would  require  filtration 
before  being  fit  for  domestic  use.  The  estimated  cost  of  the 
necessary  works,  including  |24,000  for  the  purchase  of  a filtering 
]dant,  was  about  $58,000,  the  water  to  be  delivered  into  the  Rush 
reservoir  through  a 12-inch  main  with  a pumping  engine  of  a 
capacity  of  2,000,000  gallons  per  day.  The  principal  objection 
to  this  plan  was  that  the  water  was  not  delivered  directly  into 
the  Mount  Hope  reservoir,  where  it  was  most  needed. 

The  following  are  analyses  of  water  of  Honeoye  creek  as  made 
by  Professor  Lattimore.  (1)  was  taken  from  the  creek  at  a point 
south  of  North  Bloomfield;  (2)  just  below  Honeoye  Falls,  and 
(3)  at  East  Rush : 

{Parts  per  100,000) 


(1) 

(2) 

(3) 

Total  solids 

13.50 

12.50 

19.00 

Fixed  residue 

8.50 

7.00 

12.50 

Loss  on  ignition . . . . ; 

5.00 

5.50 

6.50 

Sodium  chloride 

0.31 

0.30 

0.33 

Ammonia,  free 

0.002 

0.002 

0.003 

Ammonia,  albuminoid 

o.ooc 

0.006 

0.006 

Nitrites 

none 

none 

Nitrates  

none 

none 

Hardness  

8.10 

8.60 

9.70 
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Genesee  river.  In  considering  the  Genesee  river  as  a source  for 
a-  temporary  supply  for  Rochester,  the  intake  might  be  located 
either  in  the  vicinity  of  the  south  end  of  the  Erie  railway  bridge 
or  at  Elmwood  avenue.  The  former  location  is  nearer  to  Mount 
Hope  reservoir,  but  the  proximity  of  the  oil  works  and  a storm 
outlet  for  a new  sewer  on  the  west  side  makes  the  Elmwood 
avenue  site  somewhat  more  desirable.  The  latter  is  about  1.63 
miles  from  the  reservoir,  and  the  usual  low-water  surface  of  the 
river  is  about  128  feet  below  the  same.  To  render  the  water  fit 
for  domestic  use  it  would  need  to  be  filtered,  and  in  this  respect 
it  stands  on  practically  the  same  scale  as  the  water  of  all  the 
other  streams  previously  mentioned  and  that  of  the  Erie  canal.  The 
principal  advantage  of  this  site  was  that  the  pumping  station 
would  become  available  for  supplying  water  to  South  Park  as 
soon  as  its  use  for  sup})lementing  the  flow  from  Hemlock  lake 
ceased;  also  the  force  main  would  serve  as  a future  distributing 
pipe  for  the  southern  districts  of  the  city  on  both  sides  of  the 
river.  All  of  the  plant  except  the  filters  would  thus  have  had  a 
permanent  value  for  two  city  departments.  The  estimated  cost 
of  the  works  with  a 12-inch  force  main  and  including  filters  was 
about  151,000,  but  if  the  force  main  were  increased  to  16  inches 
in  diameter,  the  cost  was  estimated  at  |60,000.  With  the  filter 
plant  rented  for  a few  years  the  costs  would  be  about  |1 5,000  less 
than  the  amounts  named. 

The  following  is  an  analysis  of  Genesee  river  water  as  made 
.by  Professor  Lattimore  in  1890: 


{Parts  per  100,000) 

Total  solids 

Fixed  residue 

Loss  on  ignition 

Sodium  chloride 

Ammonia,  free 

Ammonia,  albuminoid 

Nitrites 

Nitrates 

Hardness  


37.50 

23.50 
14.00 

6.27 

none 

0.002 

none 

none 

13.80 
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The  following  series  of  analyses  of  Genesee  river  water  was 
made  by  Fred  E.  Eilinger,  of  the  Rochester  Health  Department,  in 
1902.  The  first  column  of  table  No.  98  gives  the  flow  of  the  river 
in  cubic  feet  per  second  on  the  date  of  each  analysis : 


Table  No.  98 — Analyses  of  Genesee  river  water,  together  with  the  flow, 
FOR  CERTAIN  DAYS  IN  1902 


(Parts  per  100,000) 


DATE 

Flow  of  the  river 
in  cubic  feet  per 
second 

Total  residue  i 

Organic  and 

volatile 

Suspended  matter 

Sodium  chloride 

Temporary 

hardness 

Permanent 

hardness 

Total  hardness 

(1) 

(2) 

(3) 

(4) 

(5; 

(6) 

(D 

(8) 

(9) 

1902 

June  18 

1,325 

22  00 

5.00 

22.40 

2.20 

9.92 

3.09 

13.01 

“ 25 

850 

39.00 

17.00 

4.80 

8.58 

11.57 

7.76 

19.33 

July  2 

3,975 

25.00 

11.00 

36.25 

3.96 

8.39 

4.42 

12.81 

“ 9 

18, 750 

26.00 

8.00 

34.10 

1.82 

10.08 

5.30 

15.38 

“ 16 

2,350 

30.00 

14.00 

12.00 

3.63 

13.43 

4.63 

18.06 

“ 23 

11,450 

24.00 

11.00 

182.60 

2.85 

11.42 

2.66 

14.08 

“ 30 

3, 510 

25.00 

10.00 

6.30 

2.97 

14.93 

3.52 

18.45 

Aug.  6 

1,750 

25.00 

11.00 

40.00 

4.29 

11.80 

5.15 

16.95 

“ 13 

1,175 

35.00 

15.00 

26.00 

6.60 

13.50 

5.92 

19.42 

“ 20 

910 

36.00 

19.00 

18.00 

8.91 

6.85 

6.95 

13.80 

“ 27 

850 

46.00 

24.00 

2.80 

9.57 

15.77 

10.04 

25.81 

Sept.  3 

810 

49.00 

25.00 

1.20 

13.20 

15.64 

8.92 

24.56 

“ 10 

740 

54.00 

21.00 

* 

11.88 

17.02 

15.01 

32.03 

“ 17 

440 

75.00 

38.00 

* 

19.24 

18.54 

16.30 

34.84 

“ 24 

830 

60.00 

26.00 

2.00 

14.52 

17.16 

14.33 

31.49 

Oct.  1 

1,020 

35.00 

14.00 

2.40 

7.59 

12.81 

7.85 

20.66 

“ 8 

1,020 

45.00 

22.00 

2.00 

20.46 

12.58 

6.70 

19.28 

“ 15 

850 

38.00 

16.00 

2.00 

8.91 

13.05 

10.12 

23.17 

“ 22 

1,275' 

28.00 

12.00 

22.00 

6.60 

10.56 

5.63 

16.19 

“ 29 

820 

39.00 

19.00 

1.40 

10.56 

12.85 

8.80 

21.65 

Nov.  5 

730 

40.00 

18.60 

1.00 

8.25 

13.09 

10.21 

23.30 

“ 12 

575 

45.00 

21.00 

0.80 

13.20 

14.56 

9.82 

24.38 

“ 19 

590 

56.00 

23.00 

0.40 

14.19 

14.27 

13.77 

28.04 

“ 26 

715 

46.00 

22.00 

0.50 

13.37 

14.40 

9.18 

23.58 

Dec.  3 

850 

38.00 

16.00 

1.00 

7.26 

12.92 

8.49 

21.41 

“ 10 

590 

33.00 

16.00 

2.50 

8.91 

11.22 

7.60 

18.82 

“ 17 

750 

39.00 

17.00 

0.50 

9.24 

13.61 

9.82 

23.43 

“ 24 

8,300 

22.00 

8.00 

35.80 

4.29 

8.71 

4.75 

13.46 

“ 31 

1,100 

31.00 

12.00 

0.10 

6.93 

12.39 

6.74 

19.13 

*Not  determined. 


A few  other  temporary  sources  were  proposed,  but  their  dis- 
tance rendered  them  practically  out  of  consideration.  Of  the 
whole  series  in  which  the  requisite  quantity  of  water  was  in 
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sight,  Erie  canal  was  doubtless  the  most  economical,  and  follow- 
ing that,  Genesee  river.  Moreover,  both  these  plans  could  have 
been  carried  out  in  a short  time.  Serious  objections  to  their 
adoption,  however,  were  raised,  not  only  on  the  ground  that  fil- 
tration is  inadequate  to  render  the  water  safe  for  drinking,  but 
also  that  the  owners  of  waterpower  on  the  various  races  would 
prevent  any  abstraction  of  water  from  the  Genesee  river. 

The  objection  to  the  use  of  the  river  water  by  the  mill  owners 
rested  principally  on  the  ground  that  their  waterpower  Avould 
be  damaged  by  the  abstraction  of  the  proposed  quantity.  On 
March  20,  1891,  a committee  of  owners  of  the  Johnson  and  Sey- 
mour race,  the  Rochester,  Carroll  and  Eitzhugh  race,  the  Hy- 
draulic Power  Company’s  race  and  the  Rochester  and  Brush 
Electric  Light  Companies,  reported  that  the  majority  of  such 
owners  would  permit  tlie  city  to  take  2,000,000  gallons  i>er  day 
from  the  river  on  the  payment  of  an  annual  rental  of  |14,600; 
and  on  the  same  day  the  mill  owners  on  Brown’s  race  resolved 
that  they  would  oppose  with  all  reasonable  persistency  any  prop- 
osition to  draw  any  further  supply  from  the  Genesee  river  or  its 
tributaries. 

Lake  Erie 

In  ^lay,  1895,  the  writer  examined  Lake  Erie  somewhat  care- 
fully as  a source  of  water  supply  for  the  manufacturing  town  of 
Lorain  on  the  soutli  sliore,  twenty  miles  west  of  Cleveland.  The 
results  of  tliat  study  are  given  in  a paper,  Lake  Erie  as  a Source 
of  Water  Supply  for  the  Towns  of  its  Borders,  and  little  addi- 
tional reference  will  be  made  to  the  matter  in  this  place,  except 
to  state  that  there  are  a considerable  number  of  chemical  analyses 
given  in  said  paper. 

Table  No.  99  gives  monthly  chemical,  microscopical  and  bac- 
teriological analyses  of  Lake  Erie  water  at  Buffalo  from  Aj)ril, 
1902,  to  March,  1903,  inclusive.  Only  one  chemical  analysis  was 
made  per  month,  but  there  were  several  determinations  of  bac- 
teria. The  chemical  analyses  are  by  Prof.  Herbert  M.  Hill,  while 
the  bacteriological  determinations  are  by  Dr.  Win.  G.  Bissell.  In 
order  to  fully  understand  the  indications  of  these  latter,  one  needs 
to  study  them  in  detail  as  given  in  the  monthly  bulletins  of  the 
Health  Department. 


Table  No.  99 — Monthly  chemical,  microscopical  and  bacteriological  analyses  of  lake  Erie  water  at  Buffalo, 

FROM  April,  1902,  to  March,  1903,  inclusive 
(Parts  per  I(X),000) 
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As  further  illustrating  the  quality  as  well  as  the  quantity  of 
water  obtainable  for  munidpal  water  'supplies  in  western  New 
York,  the  villages  of  Brockport  and  Holley  have  for  a number 
of  years  had  insufficient  supplies  from  dug  wells — the  same  thing 
is  true  of  the  village  of  Albion.  The  village  of  Medina  is  stated 
to  be  supplied  from  the  Erie  canal,  although  some  pretence  is  made 
of  taking  the  supply  from  a well,  and  the  city  of  Lockport  has 
never  had  any  supply  except  from  the  Erie  canal.  At  all  these 
places  the  supply  of  pure,  potable  water  is  scanty  and  of  high 
value — the  same  thing  is  true  generally  throughout  western  New 
York.  The  study  at  Rochester  can  be  duplicated  almost  anywhere 
in  the  region  from  Seneca  lake  to  the  western  limits  of  the  State. 

Quality  of  Water  in  the  Vicinity  of  Medina 

In  order  to  show  some  facts  in  regard  to  the  quality  of  water 
near  Medina,  the  following  analyses  are  herewith  included.  (1) 
is  from  a disused  shallow  well,  one  mile  south  of  Shelby  Center; 
(2)  is  from  a bored  well  not  far  from  the  preceding,  taken  after 
a few  days  pumping.  These  two  analyses  were  made  by  Prof. 
Herbert  M.  Hill,  of  Buffalo;  (3)  is  also  from  a bored  well,  in  the 
same  locality,  and  (4)  is  from  the  Oak  Orchard  creek,  a mile 
south  of  Shelby  Center.  The  two  latter  were  made  by  Fred  R. 
Eilinger,  chemist  of  the  Rochester  Health  Department : 

{Parts  per  100,000) 


(1) 

(2) 

(3) 

(4) 

Residue  after  Ignition 

30.53 

28.82 

21.00 

36.00 

Organic  and  volatile  residue.  . 

18.86 

4.70 

12.00 

12.50 

Total  residue  dried  at  100°C. . 

49.39 

33.52 

33.00 

48.50 

Chlorine  

1.73 

0.83 

0.90 

1.50 

Ammonia,  free 

trace 

0.00 

0.002 

0.001 

Ammonia,  albuminoid  

0.003 

0.003 

0.006 

0.019 

Nitrites  

trace 

none 

none 

none 

Nitrates 

trace 

0.10 

0.10 

0.04 

Temporary  hardness 

3.50 

5.40 

18.00 

18.00 

Permanent  hardness 

6.35 

9.00 

4.00 

17.00 

Total  hardness 

9.85 

14.40 

22.00 

35.00 
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The  well  from  which  (3)  was  taken  is  about  1500  feet  from 
Oak  Orchard  creek,  with  the  ground  surface  only  a few  feet  above 
the  water  level  in  the  creek.  The  elevation  of  water  in  Oak 
Orchard  creek  directly  opposite  is  substantially  the  same  as  in 
the  well,  and  when  pumping  from  the  well  the  water  is  drawn  to 
about  5 feet  below  the  level  of  the  water  in  the  creek.  Neverthe- 
less, analyses  (3)  and  (4)  show  that  the  quality  of  water  in  the 
well  is  quite  different  from  that  in  the  creek.  In  the  case  of  the 
water  from  the  well,  permanent  hardness  is  only  4°,  while  the 
water  from  the  creek  shows  17°,  although  it  is  difficult  to  under- 
stand, under  the  conditions,  how  the  source  of  water  in  the  well 
can  be  other  than  that  from  the  creek — the  more  specially  since 
the  underlying  rock  is  open.  In  regard  to  the  permanent  hard- 
ness of  the  creek  water,  as  shown  by  analysis  (4),  it  is  probably 
due  to  Oak  Orchard  creek  flowing  over  a bed  of  gypsum  near 
Oak  field. 

Quality  of  Water  in  the  Vicinity  of  Batavia 

In  order  to  still  further  illustrate  water  supplies  in  western 
New  York,  the  following  analyses  from  the  vicinity  of  Batavia, 
as  made  by  Mr  Eilinger,  are  of  interest;  (1)  is  from  Devil’s  lake, 
a small  body  of  water  ten  or  twelve  miles  west  of  Batavia;  (2)  is 
from  Mill  springs,  five  miles  north  of  Batavia;  (3)  is  from  Ham- 
ilton springs,  two  miles  south  of  Batavia;  and  (4)  is  from  Horse- 
shoe lake,  two  and  one-half  miles  east  of  Batavia.  Mill  springs, 
the  analysis  of  which  contains  the  most  total  hardness,  are  at  the 
foot  of  a ridge  from  100  to  150  feet  in  hight  and  probably  is  not 
far  from  the  gypsum  belt,  as  the  permanent  hardness  in  this  water 
is  difficult  to  account  for  on  any  other  basis.  Both  Hamilton 
springs  and  Horseshoe  lake  are  above  that  belt,  and  accordingly 
permanent  hardness  is  not  very  serious  in  either  of  them. 

{Parts  per  100,000) 


(1) 

(2) 

(3) 

(4) 

Total  residue  dried  at  100°  C. . 

24.00 

116.00 

31.00 

28, 

.00 

Fixed  residue  at  low  red  heat. 

11.00 

88.00 

18.00 

16, 

.50 

Volatile  at  low  red  heat 

13.00 

28.00 

13.00 

11 

.50 

Ammonia,  free  

0.06 

0.003 

0.001 

0 

.002 

Ammonia,  albuminoid  

0.044 

0.003 

0.003 

0, 

.002 

Chlorine  in  chlorides 

0.16 

0.24 

0.30 

0. 
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Mill  of  the  International  Paper  Company  at  Glens  Falls. 
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Equivalent  to  sodium  chloride 

Nitrites  

Nitrates 

Temporary  hardness 

Permanent  hardness 

Total  hardness . . 


:i) 

(2) 

(^) 

w 

).26 

0.40 

0.60 

1.32 

none 

none 

none 

none 

none 

0.01 

0.20 

. 0.20 

* 

22.00 

17 . 50 

20 . 00 

* 

50.00 

2.50 

4.50 

* 

72.00 

20.00 

24.50 

There  are  a number  of  other  springs  in  the  vicinity  of  Batavia, 
although  none  of  them  has  a very  large  flow.  The  following  is  a 
list  of  the  various  springs,  Avith  an  estimate  as  to  their  probable 
minimum  yield : 

Gallons 


Horseshoe  lake 

Mill  springs 

Harkley  springs 

Shepherd  springs 

Hilton  and  Damon  springs 

Lincoln  springs 

Baldwin  springs 

Devil’s  lake 

Hamilton  springs 


1,000,000 

450.000 

300.000 

500.000 

150.000 

200.000 
100,000 
100,000 
500,000 


Total 


3,300,000 


Probably  all  of  these  springs  may  be  taken  for  a safe  minimum 
yield  at  3,000,000  gallons  in  t^5;enty-four  hours,  although  this  is 
an  estimate  merely,  based  on  exjierience,  no  weir  measurements 
having  been  made. 

At  Williamsville,  near  Buffalo,  there  is  a spring  floAving  at  the 
rate  of  2,000,000  or  3,000,000  gallons  per  day,  Avhich  probably 
issues  from  the  horizon  of  the  gypsum.  At  a number  of  other 
places  in  western  NeAv  York  springs  appear,  specially  along  the 
ridge  at  the  foot  of  which  is  the  gypsum  belt,  but  the  Avaters 
issuing  are  so  hard  as  to  render  it  undesirable  to  use  them.  A 
marked  case  of  this  character  is  near  Akron,  where  an  excavation 
de\^eloped  a flow  of  3,000,000  or  4,000,000  gallons  ])er  day,  but 
of  which  the  permanent  hardness  Avas  equal  to  one  part  in  a 
thousand. 


*Not  determined. 
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THE  DRAINAGE  OF  SWAMP  AREAS  IN  NEW  YORK 

There  are  a large  number  of  swamp  areas  in  New  York  State, 
the  major  portion  of  which  is  situated  in  the  western  part  of  the 
State,  in  Chautauqua,  Cattaraugus,  Erie,  Niagara,  Orleans,  Gen- 
esee, Ontario,  Yates,  Wayne,  Seneca,  Cayuga,  Onondaga  and 
Oswego  counties.  There  are  also  extensive  swamp  areas  in  the 
northern  part,  as  well  as  in  the  southern  part  of  the  State.  The 
following  are  the  approximate  areas  of  some  of  the  more  im- 


portant of  these  swamps: 

Acres 

Conewango  swamp 12,000 

Tonawanda 20,000 

Oak  Orchard 25,000 

INIontezuma 26,000 

Flint  creek 8,600 

Weedsport  7,500 

Cicero  16,000 

Wallkill  valley 26,000 

In  addition,  there  are  in.  various 
parts  of  the  State  small  swamps 
aggregating  at  least 107,000 


Total 


243,100  acres  = 880  sq.  miles 


The  Water  Storage  Commission  received  urgent  requests  to 
drain  some  of  the  larger  of  these,  swamps,  and  since  such  work 
was  clearly  in  line  with  the  work  of  this  commission,  particular 
attention  was  paid  to  such  improvement.  Some  attempt  was 
made  to  drain  Montezuma  marsh  in  previous  years,  but  owing  to 
neglect  of  the  fundamental  principles,  comparatively  little  im- 
provement has  resulted.  As  regards  Montezuma  swamp,  its 
drainage  will  be  effected  as  incidental  to  the  construction  of  the 
barge  canal,  but  the  drainage  of  the  numerous  other  swamp  areas, 
such  as  Conewango,  Tonawanda,  Oak  Orchard,  Cicero,  Flint 
Creek,  etc.  can  only  be  effected  by  works  specially  designed  for 
each  local  case. 

In  order  to  give  some  idea  of  the  value  of  draining  these 
swamps,  it  is  understood  that  swamp  lands  now  sell  at  from  |2 
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Mill  of  the  International  Paper  Company  at  Fort  Edward. 
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to  |4  per  acre.  If  such  lands  were  effectually  drained,  so  that 
they  could  be  cultivated  every  year,  they  would  be  the  most  val- 
uable in  the  State,  and  worth  at  least  |60  per  acre.  But  in  order 
to  make  them  of  this  value,  even  after  the  drainage  is  accom- 
plished, they  must  be  cleared  and  put  in  shape  for  cultivation, 
which  will  require  a large  amount  of  labor  in  addition  to  the 
drainage.  Assuming  them  to  cost,  with  some  of  the  adjacent  low 
tlatlands,  an  average  of  |5  per  acre,  the  net  gain  would  be  |55  per 
acre,  amounting  for  380  square  miles  to  |13, 370,500.  It  is  difficult 
to  say  what  the  cost  of  the  drainage  would  be,  although  it  is 
doubtful  if  it  would  cost,  including  fitting  them  for  cultivation, 
more  than  |30  per  acre,  or  for  the  entire  area,  the  total  cost  may 
possibW  be  |7, 293,000,  leaving  a net  profit  on  the  transaction  of 
16,077,500.  Tliis  expense  should  be  borne  partly  by  the  land 
owners  and  partly  by  the  State,  the  proportion  to  be  fixed  on 
further  consideration.  There  is  no  good  reason  why  the  State 
should  not  inaugurate  an  improvement  like  this. 


THE  PAPER  INDUSTRY  IN  NEW  YORK 

In  view  of  the  fact  that  the  paper  industry  in  this  State  is 
almost  entirely  dependent  upon  waterjjower  for  its  profitable 
operation,  the  following  chapter  is  included. 

According  to  the  Twelfth  Census  (1900)  out  of  a total  capital 
invested  in  the  paper  industry  in  the  United  States  of  |167,507,- 
713,  there  was  invested  in  the  State  of  New  York  |37,349,390,  or 
about  22^  per  cent  of  the  total  capital  invested  in  t^e  whole 
country. 

The  total  cost  of  materials  used  in  this  industry  in  New  York 
in  1900  was  |14, 563,222,  of  which  there  were  225,327  cords  of 
domestic  spruce  used  for  ground  pulp,  which  cost  |1,260,593,  or 
at  the  average  rate  of  |5.60  per  cord.^  Domestic  spruce  for  sul- 
phite and  soda  fiber  was  used  to  the  extent  of  138,098  cords, 
costing  1724,822.  Canadian  spruce  was  used  for  ground  pulp  to 
the  extent  of  54,923  cords,  while  for  sulphite  and  soda  fiber 
there  were  86,606  cords  of  Canadian  spruce  used. 

In  addition  to  the  preceding,  51,208  cords  of  Canadian  poplar 
wood  and  other  woods  were  used.  The  total  use  of  wood,  there- 
fore, was  556,162  cords. 
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Rags  were  used  to  the  extent  of  17,899  tons,  which  cost  |420,- 
870,  or  at  the  rate  of  $23.51  per  ton;  37,244  tons  of  old  waste 
paper  were  used,  costing  $428,531,  and  13,947  tons  of  Manila 
stock,  including  jute,  bagging,  rope,  waste,  thread,  etc.  which 
cost  $646,776;  17,644  tons  of  straw  were  used.  In  addition,  93,- 
749  tons  of  ground  wood  pulp  were  purchased  at  a cost  of 
$1,485,176,  or  at  the  rate  of  $15.81  per  ton;  20,447  tons  of  soda 
wood  fiber  were  purchased  and  66,769  tons  of  sulphite  wood 
fiber.  In  addition,  other  chemical  fiber  was  purchased  to  the 
extent  of  8,554  tons. 

The  total  value  at  the  ]>oint  of  manufacture  of  the  paper  prod- 
uct in  New  York  in  1900  was  $26,715,628,  of  which  newspaper 
amounted  to  162,153  tons,  valued  at  $5,405,452,  or  at  the  rate  of 
$33.33  per  ton.  There  were  27,611  tons  of  bookpaper  made, 
worth  $1,706,565,  or  at  the  rate  of  $61.81  per  ton.  In  addition, 
a considerable  quantity  of  lithographic  plate  paper,  cardboard, 
bristolboard,  fine  writing  paper,  etc.  was  made. 

The  number  of  establishments  making  paper  in  New  York  in 
1900  was  179,  of  which  39  were  owned  by  individuals,  44  by  firms 
and  limited  partnerships  and  96  by  incorporated  companies. 

In  1890  the  total  value  of  the  exports  of  paper  from  the 
United  States  amounted  to  $1,226,686,  while  in  1900  this  had  in- 
creased to  $6,215,833.  These  figures  do  not  include  the  value 
of  82,441  tons  of  wood  pulp. 

In  order  to  show  relative  figures,  we  will  briefly  compare  New 
York  with  Massachusetts.  The  total  number  of  paper  estab- 
lishments in  Massachusetts  in  1900  was  93,  of  which  13  were 
owned  by  individuals,  13  by  firms  and  limited  partnerships  and 
67  by  incorporated  companies.  The  total  capital  invested  in 
Massachusetts  was  $26,692,922.  The  total  cost  of  materials 
used  was  $11,918,802,  whileSn  New  York  it  was  $14,563,222.  We 
learn,  therefore,  that  in  New  York  the  total  cost  of  materials 
used  was  $2,644,420  more  than  in  Massachusetts,  and  that  the 
total  value  of  the  product  in  Massachusetts  was  $22,141,461  as 
against  $26,715,628  in  New  York,  or  the  value  of  the  product  in 
New  York  was  $4,574,167  more  than  in  Massachusetts. 

A reason  for  these  differences  is  found  in  the  fact  that 
there  are  more  mills  in  Massachusetts  than  in  New  York  which 
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make  fine  paper.  The  use  of  rags^  including  cotton,  flax,  waste 
and  sweepings  in  that  State  amounts  to  86,715  tons,  while  in 
New  York  there  are  only  17,899  tons  used.  Book  papers  are 
made  in  Massachusetts  to  the  value  of  |3, 120,867  as  against 
11,706,565  in  New  York.  Lithographic  papers,  cardboard,  bris- 
tolboard,  etc.  amounts  in  Massachusetts  to  |2,013,920  as  against 
|200,315  in  New  York.  There  is  an  annual  product  in  Massachu- 
setts of  fine  writing  paper  of  |8,751,566  as  against  |70,115  in  New 
York,  while  other  fine  papers  are  valued  in  Massachusetts  at 
12,547,072  as  against  |66,844  in  New  York. 

If  Massachusetts  had  the  same  area  as  New  York,  with, the 
paper  industry  proportionately  developed  over  the  whole  State, 
the  total  capital  invested  in  Massachusetts  would  amount  to, 
roundly,  |160,000,000.  Since  paper  making  is  the  one  great  in- 
dustry depending  upon  waterpower,  the  reason  for  this  may  be 
again  placed  very  largely  in  rational  State  laws  and  thorough 
development  of  waterpower. 

In  order  to  illustrate  the  foregoing  proposition,  it  may  be 
mentioned  that  the  total  power  derived  from  steam,  water  and 
other  kinds  of  power  used  in  paper  making  in  New  York  in  1900 
was  228,478  horsepower,  while  in  Massachusetts  it  was  82,893 
horsepower.  Of  this  191,117  horsepower  was  from  water  in  New 
York  and  44,935  was  from  water  in  Massachusetts,  leaving 
37,361  horsepower  derived  from  steam  and  other  motive  power 
in  New  York  and  37,958  horsepower  derived  from  the  same 
sources  in  Massachusetts. 

The  yearly  capacity  in  tons  of  paper  in  New  York  is  given  at 
611,179  and  of  pulp  495,668.^  In  Massachusetts  the  yearly  capacity 
of  the  mills  is  283,576  tons  of  paper,  and  of  pulp  31,920  tons. 
These  figures  show  the  great  difference  in  the  quality  of  the 
business  in^fhe  two  States.  In  New  York  a large  amount  of  pulp 
is  ground,  whereas  in  Massachusetts  there  is  only  about  one- 
sixteenth  as  much.  The  mills  there  are  producing  high-grade 
papers,  for  which  steam  power  is  less  objectionable  than  for  a 
lower  grade.  It  is  common  to  run  the  paper  machines  proper 
by  Steam,  as  steam  power  is  preferable  for  this  purpose,  because 
of  yielding  more  uniform  power,  but  for  making  ground  pulp 

f ^Tliese  figures  are  as  given  in  the  Census  Report,  Vol.  TX,  p.  10.35. 
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waterpower  is  indispensable.  At  least  65  horsepower  per  twenty- 
four  hours  is  required  to  produce  a ton  of  mechanical  pulp. 

In  1900  New  York  ranked  first  not  only  in  the  number  of 
establishments  and  in  the  amount  of  capital  invested,  but  also 
in  the  number  of  wage-earners  and  the  wages  paid,  as  well  as  in 
the  cost  of  materials  and  in  the  value  of  the  product.  Massachu- 
setts was  second  and  Maine  third,  although  as  we  have  seen  if  we 
make  the  comparison  on  unit  areas,  Massachusetts  was  first.  As 
to  the  different  classes  of  products.  New  York  was  first  in 
wood  pulp,  newspaper,  wrapping  paper  and  other  products  not 
specially  designated,  while  Massachusetts  was  first  in  the  pro- 
duction of  bookpaper  and  fine  writing  paper. 

The  i)rincipal  wood  from  which  paper  is  made  is  spruce.  It 
forms  76  per  cent  of  all  the  wood  used  in  the  United  States  for 
both  mechanical  pulp  and  chemical  fiber.  Gray  pine,  white  pine, 
white  fir,  balsam,  hemlock  and  larch  are  also  used  for  the  pro- 
duction of  mechanical  pulp  and  occasionally  for  chemical  pulp. 
The  wood  chiefiy  used  for  the  soda  process  is  poplar,  although 
aspin,  cottonwood  and  sweet-gum  are  sometimes  used.  Cypress 
and  several  of  the  preceding  timbers  are  also  used  for  sulphite 
pulp.  Beech,  silver  maple,  basswood,  white  birch  and  paper  birch 
are  sometimes  used. 

The  chief  processes  of  reduction  to  pulp  are  three  in  number — 
the  mechanical,  the  soda  process  and  the  sulphite  process.  The 
mechanical  process  consists  in  grinding  the  wood  on  a grind- 
stone after  removing  the  bark.  All  the  sound  wood  of  the  tree 
is  used,  provided  it  is  free  from  knots.  A cord  of  spruce  wood 
will  produce  about  one  ton  of  pulp. 

The  soda  process  is  based  on  the  solvent  action  of  alkali  at 
high  temperature.  Poplar  is  the  wood  chiefly  used  in  the  soda 
process,  although  considerable  quantities  of  pine,  spruce  and 
hemlock  are  consumed,  while  maple,  cottonwood,  white  birch 
and  basswood  frequently  replace  poplar.  About  two  cords  of 
wood  are  required  to  produce  one  ton  of  soda  pulp. 

The  sulphite  process  consists  in  treating  vegetable  substances 
with  a solution  of  sulphurous  acid,  heated  in  a closed  vessel 
under  a sufficient  pressure  to  retain  the  acid  gas  until  the  inter- 
cellular matter  is  dissolved.  Any  coniferous  wood,  which  is  not 
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too  resinous,  may  be  used,  although  the  woods  chiefly  used  are 
spruce,  hemlock  and  balsam.  About  two  cords  of  wood  are 
required  for  one  ton  of  the  sulphite  pulp. 

Newspaper  and  common  wrapping  papers  consist  chiefly  of 
mechanical  pulp,  with  from  10  per  cent  to  25  per  cent  of  sulphite 
pulp  added  to  hold  the  stock  together.  One  class  strong  wrap- 
ping paper  is  made  entirely  of  sulphite  pulp. 

Soda  fibre  is  used  as  soft  stock  in  book  and  writing  papers. 
It  came  into  use  earlier  than  sulphite  fiber,  but  owing  to  the 
greater  cheapness  of  the  sulphite  process,  and  the  superior 
strength  of  the  fiber,  the  use  of  the  latter  has  increased  more 
rapidly  than  the  soda. 

In  order  to  show  the  comparatively  recent  development  of  the 
paper  industry,  it  may  be  mentioned  that  mechanical  pulp  was 
invented  in  Germany  in  1844,  but  was  not  made  in  this  country 
until  1867.  It,  however,  reached  no  commercial  importance  any- 
where until  considerably  later  than  1867.  There  were  in  the 
United  States,  in  1900,  168  mills  in  operation,  of  which  81  were 
in  New  York. 

The  soda  process  was  introduced  into  this  country  from 
Europe  in  1854.  The  number  of  mills  in  the  United  States  in 
1900  was  36,  of  which  2 were  in  New  York. 

The  sulphite  process  is  an  American  invention,  used  at  Prov- 
idence in  1884.  The  number  of  mills  in  operation  in  the  United 
States  in  1900  was  69,  of  which  17  were  in  New  York. 

Modern  paper  making  began  with  the  introduction  early  in 
the  nineteenth  century  of  the  Fourdrinier  machin'e,  which  was  a 
development  of  an  invention  made  by  Louis  Roberts,  of  Essonne, 
France,  about  1798.  Paper  was  made  mostly  from  rags,  which 
continued  to  be  the  materials  used  until  past  the  middle  of  the 
nineteenth  century,  wdien  wood  fibre  was  introduced.  The  use 
of  rags  for  making  newspaper  has  been  largely  superseded  by 
wood. 

Paper  making,  however,  is  an  ancient  art,  probably  originat- 
ing in  China  as  early  as  150  A.  D.  Several  centuries  later,  the 
Arabs  learned  the  art  of  paper  making  from  the  Chinese,  who 
in  turn  introduced  the  art  into  western  Europe.  Paper  was 
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made  in  France  in  1189  A.  I).,  and  in  England  about  two  hundred 
years  later.  ^ 

Until  one  hundred  years  ago  the  method  )f  paper  making  had 
been  the  same  as  originalh^  practiced  by  the  Chinese — fibrous 
materials  being  beaten  into  a pulp,  mixed  with  water  and  molded 
into  sheets  by  manual  labor. 

Among  the  interesting  industrial  deyelopments  of  the  present 
day,  the  International  Paper  Company,  incorporated  under  the 
laws  of  New  York  State  in  January,  1898,  may  be  mentioned. 
This  company  acquired  at  the  time  of  its  incorporation  nearly 
all  the  larger  mills  manufacturing  newspaper  in  the  eastern 
States  and  later  on  has  acquired  seyeral  additional  paper  and 
pulp  mills,  timber  lauds,  waterpowers  and  other  properties.  Its 
manufacturing  plants,  water])Owers  and  timber  lands  are 
located  in  Maine,  New  Hampshire,  Vermont,  Massachusetts, 
New  York,  Michigan  and  Canada.  In  New  York  the  Inter- 
national Paper  Company  owns  the  following  mills:  Glens  Palls, 
Fort  Edward,  Palmers  Palls,  Niagara  Falls,  Lake  George, 
Ontario  (near  Watertown),  Piercefield,  Herkimer,  Ljmn  Falls, 
Cadyyille,  Watertown  (at  Watertown) , Woods  Falls  (near  Water- 
town)  Underwood  and  Harrisville. 

The  capital  stock  of  this  company  is  |25,000,000  preferred,  of 
which  122,406,700  had  been  issued  June  30,  1903,  and  |20,000,000 
common,  of  which  |17,442,800  had  been  issued  at  the  same  date; 
110,000,000  of  first  consolidated  mortgage  gold  bonds  have  been 
authorized,  bearing  interest  at  the  rate  of  6 per  cent  per  annum, 
payable  semiannually,  February  1 and  August  1.  The  plants  of 
the  company  were  valued  in  1903  at  141,925,446.  The  gross 
income  for  the  fiscal  year  ending  June  30,  1903,  was  |20,142,771. 
The  cost  of  raw  materials  and  manufacturing,  including  ex- 
penses of  administration,  sales,  and  cost  of  selling,  was  for  tlie 
same  year  $16,529,310. 

The  International  Paper  Company  has  been  of  considerable 
value  not  only  in  this  State,  but  in  the  other  states  where  it 
operates,  in  that  it  has  modified  the  conditions  prevailing  before 
it  came  into  existence.  Competition  was  so  severe  as  to  have 
blinded  many  manufacturers  to  the  fact  that  there  was  any 
future  to  be  considered.  As  soon  as  the  company  was  formed 
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its  officers  realized  that  the  investment  in  the  j)lants  was  so 
large  that  one  of  the  first  steps  was  to  guarantee  their  perma- 
nency by  providing  for  a future  supply  of  raw  materials.  This 
led  to  an  extensive  acquisition  of  timber  lands  by  this  company^ 
as  well  as  by  a number  of  independent  companies.  At  the 
present  time,  in  1904,  the  most  of  the  large  companies  operating 
in  this  State  ov/n  their  timber  lands,  from  which  by  a rational 
system  of  forestry  they  produce  their  own  timber. 

The  company  has  given  attention  to  forest  fires  and  has  made 
considerable  outlays  for  preventing  and  extinguishing  the  same. 
It  has  also  supported  such  legislation  in  this  iState  as  will  provide 
for  a patrol  system,  and  has  in  various  ways  tried  to  interest 
the  public  in  this  subject  in  Maine  and  other  states.  Thus  far 
its  work  in  this  connection  has  been  largely  missionary,  but  prac- 
tical good  will  undoubtedly  follow. 

The  first  great  benefit,  therefore,  which  has  resulted  from  the 
formation  of  the  International  Paper  Company  is  its  effect  upon 
forestry. 

This  company  has  also  advocated  a rational  system  of  water 
storage  in  New  York  and  other  states  where  water  storage  is 
applicable.  Indeed,  the  whole  subject  has  been  quickened  by 
this  company,  as  has  forestry.  The  powerful  influence  of  the 
International  Paper  Company  has  made  water  storage  a live 
subject  in  New  York,  and  the  attention  of  the  paper  industry 
generally  has  been  specially  directed  to  this  consideration.  One 
value  of  such  an  aggregation  of  capital  is  the  amount  of  in- 
fluence it  may  bring  to  bear  upon  subjects  like  this,  where  indi- 
viduals acting  independently  could  accomplish  little  or  nothing 
because  of  their  inability  to  act  together.  The  second  work 
accomplished  by  this  company,  therefore,  is  of  very  material 
assistance  in  the  inauguration  of  water  storage. 

The  company  has  also  spent  large  sums  of  money  improving 
its  plants,  balancing  its  pulp  and  paper  producing  capacity,  and 
bringing  its  mills  to  a higher  state  of  efficiency,  the  fundamental 
idea  being  to  give  stability  and  permanency  to  the  industry. 
Not  only  have  foreign  markets  been  sought,  but  it  has  intro- 
duced improvements  in  organization  and  administration  of  its 
mills  and  affairs.  It  has  also  introduced  scientific  methods,  as 
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sliowu  by  the  establishment  of  a bureau  of  tests  for  making 
experiments,  both  physical  and  chemical. 

Uefore  the  establishment  of  the  International  Paper  Com- 
pany very  great  and  wasteful  abuses  had  grown  up  in  the  use  of 
paper  by  the  various  newspapers,  it  has  very  largely  succeeded  in 
reforming  these. 

In  the  general  account,  therefore,  there  may  be  placed  to  the 
credit  of  the  International  Paper  Company  the  introduction  of 
rational  forestry,  and  material  assistance  to  water  storage,  the 
introduction  of  scientific  methods  of  manufacture,  and  finally  a 
reformation  of  abuses  in  the  paper  trade.  These  improvements 
have  already  been  of  benefit  to  the  paper  trade  as  a whole  and 
done  much  to  enhance  the  value  of  the  industry  to  this  State. 

We  will  now  discuss  another  phase  of  the  subject.  There  is 
great  exaggeration  in  the  public  mind  as  to  the  effect  of  the  pulp 
industry  upon  the  streams  of  the  State.  There  is  a popular  im- 
pression that  the  wood-pulp  industry  is  responsible  for  the 
denuding  of  forest  areas,  although  anybody  who  visits  the 
forested  portions  of  the  State  understands  that  this  cannot  be 
true.  At  the  present  time  nine-tenths  of  all  the  timber  cut  in 
New  York  for  pulp  is  spruce,  and  very  rarely  is  the  spruce  more 
than  one  quarter  of  the  total  stand  of  timber.  Usually  the 
spruce  is  not  cut  to  below  eight  to  ten  inches  in  diameter.  The 
ehect  of  taking  out  the  spruce  from  a timber  area  has  been 
discussed  on  a previous  page  and  will  not  be  referred  to  here  any 
further  than  to  say  that,  while  the  effect  is  slightly  apparent,  it 
can  be  held  responsible  in  only  a slight  degree  for  fluctuation 
in  stream  flow. 

Moreover,  the  paper  and  pulp  industry  is  not  responsible  for 
all  the  timber  cut  in  this  State,  as  may  be  shown  by  considering 
the  following  figures  for  the  year  1900,  from  the  Seventh  Eeport 
of  the  Forest,  Fish  and  Game  Commission  of  New  York.  From 
these  figures  it  appears  that  the  total  cut  of  lumber  and  pulp 
wood  from  the  Adirondack  and  Catskill  forests  amounted  to 
051,135,308  feet  B.  M.  Adding  to  this  349,000,000  feet  B.  M.  cut 
for  firewood,  we  have  a total  cut ' of,  roundU,  1,000,000,000 
feet  B.  M.  The  cut  of  spruce  for  pulp  mills  was  230,649,292  feet 
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B.  M.  The  cut  of  spruce,  therefore,  amounted  to  only  about  23 
per  cent  of  the  whole. 

It  seems  to  the  writer  that  many  people  in  New  York  have  taken 
unsound  ground  on  this  question  of  the  relation  of  the  State  to 
great  manufacturing  enterprises.  Pax)er  has  been  justly  stated 
to  be  the  index  of  a people’s  civilization,  but  if  popular  clamor 
were  considered,  one  might  suppose  it  was  an  index  of  exactly 
the  opposite.  The  manufacturers  are  not  to  blame  for  a continual 
increased  use  of  this  product,  and  so  long  as  paper  can  be  pro- 
duced from  wood  pulp  at  considerably  less  co.st  than  from  other 
raw  material,  it  is  idle  to  expect  that  anything  else  will  be  used. 

THliJ  l*ROPEli  FUTURE  COMMERCIAL  POLICY  OF  NEW  YORlv 

In  the  foregoing  i)ages  we  have  seen  that  by  virtue  of  its  position. 
New  York  is  naturally  so  situated  as  to  be  the  principal  manufac- 
turing area  of  the  United  States,  but  that  because  of  developing 
on  narrow  lines  it  has  realized  only  a portion  of  the  manufac- 
turing naturally  its  due.  After  the  Revolutionary  war,  the 
United  States  was  an  agricultural  region  x^urely — aside  from 
agricultural  products,  substantially  everything  used  was  manu- 
factured abroad. 

About  ninety  3-ears  ago  Erie  canal  was  inaugurated  for  the 
l)urpose  largely  of  carrying  agricultural  i)roductions — grain, 
lumber,  etc,^ — to  market.  It  was  not  realized  that  the  natural 
destiny  of  the  State  of  New  York  was  for  manufacturing  rather 
than  for  internal  commei'ce.  The  result  of  tliis  was  that  the  natural 
flow  of  streams  throughout  the  central  part  of  the  State  was 
mostly  appropriated  for  the  use  of  the  Erie  canal,  and  restrictive 
laws  enacted  which  have  discouraged  the  development  of  manu- 
facturing. Hence  the  New  England  States,  where  an  opposite 
policy  prevailed,  have  developed  far  more  manufacturing  per  unit 
area  than  New  York,  although  farther  away  from  the  centers  of 
trade  and  commerce. 

Now  that  we  realize  the  great  mistake  made,  the  first  thing  to 
be  done  is  to  remove  restrictions  as  to  the  use  of  water  of  every 
sort  and  kind.  We  need  to  enact  a constitutional  amendment 
substantially  on  the  lines  laid  down  by  Mr  Herschel  in  1894,  and 
also  we  need  such  further  legislation  as  will  permit  of  develop- 
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ment  of  the  water  storage  capacity  of  New  York  streams  to  its 
fullest  degree. 

Another  mistake  in  New  l^ork  has  been  in  largely  confining  the 
agriculture  to  the  production  of  grain  and  dairy  products.  Had 
manufacturing  been  the  general  policy  of  the  iState  for  the  last 
hundred  years,  the  population  would  easily  be  anywhere  from 
2,000,000  to  4,000,000  greater  than  it  is  under  present  conditions 
and  a much  larger  proportion  of  the  agriculture  would  be  garden 
truck,  fruits  and  berries  than  it  now  is.  These  products  yield 
very  much  better  profit  to  the  producer  than  gTain,  cattle,  dairy 
products,  etc.  The  result  of  this  policy  would  have  been  that 
the  aggregate  wealth  of  New  York  farmers  would  be  much  higher 
than  it  is,  and  the  same  thing  is  true  of  all  other  classes. 

The  construction  of  the  1000-ton  barge  canal  is  expected  to 
greatly  increase  the  manufacturing  possibilities  of  the  State  by 
bringing  into  it  the  raw  material  for  the  manufacture  of  iron  and 
steel.  These  industries  have  clustered  around  Lake  Erie,  at 
Lorain,  Cleveland,  Ashtabula,  etc.  but  the  industry  at  these  points 
is  burdened  by  the  necessity  of  bringing  coal  and  limestone  for 
tiux  by  railway  transportation  from  a considerable  distance. 
The  barge  canal  will  permit  of  the  development  of  iron  and  steel 
manufacturing  at  points  very  near  the  coal  and  flux.  This  manu- 
facturing ought  to  develop  extensively  along  the  line  of  the  canal 
between  Rochester  and  Utica. 

Another  diificulty  has  been,  until  within  a year  or  two,  the 
great  cost  of  incorporating  companies  in  this  State.  Previous 
to  1902  the  State  tax  required  from  corporations  was  one-eighth 
of  one  per  cent.  The  result  was  that  nearly  all  large  corpora- 
tions were  incorporated  in  New  Jersey,  but  in  1902  this  was  so  far 
modified  that  the  fee  now  is  merely  nominal. 

At  the  legislative  session  of  1904,  an  act  was  passed  authorizing 
the  appointment  of  a permanent  River  Improvement  Commission, 
and  while  this  act  is  hardly  all  that  can  be  desired,  nevertheless 
it  makes  a beginning  towards  the  rational  improvement  of  the 
streams  of  the  State  to  their  fullest  extent.  We  still  need  a mill 
act  which  will  permit  of  constructing  dams  on  the  smaller  streams 
without  any  further  grant  of  powers  from  the  Legislature  than 
those  granted  in  the  general  act.  We  also  need  to  repeal  all  acts 
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in  any  way  inconsistent  with  the  provisions  of  either  the  river 
improvement  act  or  the  proposed  mill  act.  With  these  and  other 
improvements  in  legislation  we  may  hope  to  inaugurate  a com- 
mercial policy  which  will  make  New  York  in  a larger  degree  the 
Empire  State. 

In  a word,  therefore,  the  proper  future  commercial  policy  -of 
New  York  should  be  such  as  to  permit  of  bringing  into  the  State 
the  largest  possible  amount  of  raw  material  to  be  manufactured 
there,  together  with  the  removal  of  restrictions  of  every  sort  and 
kind  which  in  an}^  way  tend  to  hamper  the  free  development  of 
internal  commerce. 
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Necessity.  A paper  read  before  the  Buffalo  Historical  Club,  February  3, 
1868. 

Henshaw,  Geo.  H. — Frazil  Ice ; On  its  Nature  and  Prevention  of  its 
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Niagara  River  for  Power  Purposes  and  the  Effect  of  Such  Diversion  upon 
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Rafter,  Geo.  W. — Lake  Erie  as  a Water  Supply  for  Towns  on  its  Borders. 
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Company.  8vo. 
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Seddon,  James  A. — Mathematical  Analyses  of  the  Influence  of  Reservoirs 
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Ship  Canal  Between  Lake  Erie  and  Ohio  River. — Report  of  a Committee 
of  the  Chamber  of  Commerce  of  Pittsburg.  8vo.  1897. 
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les  Lake  and  Water  Supply  to  the  Jordan  Level  of  Erie  Canal.  8vo.  1889. 
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1903.  8vo. 

State  Engineer  and  Surveyor  of  New  York — Reply  of,  to  the  several 
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Statement  of  claim  and  brief  abstract  of  evidence  in  the  matter  of  the 
purchase  of  lands  of  William  Seward  Webb  to  quiet  claims  for  damages 
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Stebbins,  John — The  Relinquishing  of  the  Control  of  the  Water  of 
Skaneateles  Lake.  No  more  partnership  in  canal  waters.  8vo.  1889. 

Stewart,  Clinton  B. — Discharge  Measurements  of  Niagara  River  at 
Buffalo.  Jour,  of  West.  Soc.  of  Engrs.,  Vol.  IV,  No.  6,  (Dec.,  1899). 

Superintendent  of  Public  Works  of  New  York — Annual  Reports  of,  1883- 
1902,  inclusive.  8vo. 

Symons,  Thomas  W. — Preliminary  Examination  for  a Ship  Canal  from 
the  Great  Lakes  to  the  Navigable  Waters  of  the  Hudson  River.  55th  Con- 
gress, 1st  Session,  House  of  Representatives,  Document  No.  86.  8vo.  1898. 

Syracuse — In  the  matter  of  the  application  of  the  City  of  Syracuse  to 
acquire  recent  rights  respecting  the  waters  of  Skaneateles  Lake  and  Outlet. 
Proceedings  and  Evidence  before  the  Commissioners  of  Appraisal.  Ten 
volumes.  8vo. 

Syracuse — Report  of  the  Commissioners  on  Sources  of  Water  Supply  for 
the  City  of  Syracuse,  including  the  Report  of  J.  J.  R.  Croes.  8vo.  1889. 

Syracuse  Water  Board — Reports  of.  Seventh,  Eighth,  and  Ninth  Annuals. 
8vo. 

Tarr,  Ralph  S. — The  Physical  Geography  of  New  York  State.  8vo.  190’2. 

Topographical  maps  of  the  State  of  New  York,  made  by  the  U.  S.  Geo- 
logical Survey. 

Troup,  Robert — A letter  to  the  Honorable  Brockholst  Livingston,  Esq.,  on 
the  Lake  Canal  Policy  of  the  State  of  New  York.  8vo.  1822. 

Veeder,  M.  A. — Geology  of  Erie  Canal.  8vo.  1899. 

Water  Power  of  the  United  States — Reports  on,  in  the  Tenth  Census. 
4to.  1885. 

Water  Storage  Commission  Bill  a Menace  to  the  People — A protest  by 
the  Committee  on  Forests  of  the  New  York  Board  of  Trade  and  Transporta- 
tion. 8 VO.  1903. 

Water  Storage  Commission  of  New  York  State — Report  of,  with  appendix. 
8vo.  1903. 

Water  Supply  and  Irrigation  papers  of  the  United  States  Geological 
Survey — Various  papers  relating  to  the  hydrography  of  New  York.  8vo. 

Watson,  Elkanah — History  of  the  Rise,  Progress  and  Existing  Condition 
of  the  Western  Canals  of  the  State  of  New  York  from  September,  1788,  to 
the  completion  of  the  Middle  Section  of  the  Grand  Canal  in  1819.  8vo. 
1820. 

Weather  Bureau  of  New  York  State — Annual  Reports  of.  First  to  Tenth, 
iuclusive.  8vo. 
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Weather  Bureau  of  New  York  State — Bulletins  of,  June,  1889  to  March, 
1899.  Also,  Reports  of  the  New  York  Section  of  the  Climate  and  Crop 
Service  of  the  Weather  Bureau,  of  the  United  States  Department  of  Agri- 
culture, from  April,  1899,  to  March,  1904. 

Wegmann,  Edward,  Jr. — The  Design  and  Construction  of  Masonry  Dams. 
4to.  1889. 

AVegmann,  Edward,  Jr. — The  AVater  Supply  of  the  City  of  New  York. 
4to.  189G. 

AVestern  Inland  Lock  Navigation  Company — Report  of  a Committee  ap- 
pointed by  the  Directors  of,  to  explore  the  Western  AVaters  in  the  State  of 
New  York,  the  Mohawk  River  from  Schenectady  to  Fort  Schuyler  for  the 
Purpose  of  Prosecuting  Inland  Lock  Navigation.  8vo.  1792. 

AVestern  and  Northern  Inland  Lock  Navigation  Companies — Report  of  the 
Directors  of,  together  with  the  report  of  AVilliam  AVeston,  engineer.  8vo. 
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AVestern  Inland  Lock  Navigation  Company — Report  of  the  Directors  of. 
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collection  and  ha\^e  been  referred  to  in  preparing  this  report.  The 
reports  and  papers  not  there  are  either  in  the  library  of  the 
Rochester  Historical  SocietA’  or  in  the  State  Library  at  Albany. 
A feAV  references  not  here  given  have  been  made,  but  such  are 
described  in  the  foot  notes.  A considerable  number  of  additional 
references,  bearing  on  floods,  may  be  obtained  from  the  Report 
of  the  Water  Storage  Commission  of  Noav  York,  Bibliography  of 
Flood  Literature,  p.  567-656. 
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Abbe,  Cleveland,  84,  135,  172. 

Adams,  Campbell  W.,  741,  742. 

Adams,  Edward  D.,  652,  658. 
Adirondack  region,  advantages  com- 
pared with  Massachusetts,  555 ; 
agricultural  productions,  556 ; i 
area  compared  with  Massachu-  I 
setts,  555;  frosts,  556;  reservoirs 
increase  healthfulness,  557 ; use- 
ful for  three  purposes,  556;  valu- 
able for  State  park,  555;  chief 
value,  46;  views  of  visitors,  556. 
Aldridge,  George  W.,  741,  742. 

Allen,  Stephen,  647. 

Anchor  ice,  development  in  New 
York  streams,  839 ; remedy  for, 
840. 

Angell,  James  B.,  294,  766. 

Area,  proportionate  in  Connecticut, 
Massachusetts,  Rhode  Island 
and  New  York,  562;  relation  to 
population,  563 ; swamps  in 
New  York,  864. 

Adirondack  park,  175. 

Black  lake,  242. 

Black  river  reservoir,  617. 

Catskill  park,  177. 

Cazenovia  lake,  760. 

Cazenovia  reservoir,  351. 

Central  New  York  lakes,  216. 
Connecticut,  560. 

Cranberry  lake,  242,  531. 

Croton  river  water  surface,  400. 
De  Ruyter  reservoir,  351. 

Erieville  reservoir,  351. 

Great  lakes,  293. 

Hemlock  lake,  337. 

Jamesville  reservoir,  352. 

Lake  Champlain,  247. 

Lake  George,  250,  643. 

Long  Island,  292. 

Massachusetts,  560. 

INIohawk  river  flats,  479. 


Area  {continued) 

New  York,  520,  560. 

Niagara  river,  294. 

Raquette  river,  tributary  lakes, 
244. 

Rhode  Island,  560. 

Schroon  river  reservoir,  637. 
Staten  Island,  712. 

Wallkill  reservoir,  695. 

Astor,  John  Jacob,  652. 

Auchincloss,  W.  S.,  121. 

j Babcock,  S.  E.,  274,  476. 

1 Bache,  Alexander  D.,  84. 

Ballston  Springs  Light  and  Power 
Co.,  663. 

I Barge  canal,  advisory  board,  820; 

I description  as  embodied  in  act  au- 

' thorizing,  819 ; estimated  cost, 

i 811 ; estimated  cost  of  Seneca- 

! Oneida  route,  808;  estimates  by 

different  persons,  816 ; estimates 
by  State  Engineer,  812,  813,  814; 
original  estimated  cost,  801 ; 
referendum,  818 ; relations  to 
Seneca  river  marsh,  808;  as  pro- 
posed by  Schenck,  814 ; element  of 
time,  807 ; Seneca-Oneida  route 
overlooked,  807 ; survey  by  State 
Engineer,  812;  why  continuously 
descending  was  abandoned,  808- 
10. 

I Barnes,  Howard  T.,  840. 

I Barrett,  Alfred,  827. 
j Bates,  David  S.,  825. 

: Bayner,  Goldsborrow,  723. 
i Bazin,  Henry,  329. 

Bear,  Samuel,  537. 

^ Benedict,  F.  N.,  621. 

Binnie,  Alexander  R.,  95,  139. 
j Bissell,  William  G.,  858. 
i Black,  Gov.  Frank  S.,  741. 
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Black  River  canal,  appraiser’s 
statement,  542 ; area,  depth  and 
capacity  of  storage  reservoirs, 
544 ; claims  for  damages,  540 ; 
compensation  in  kind,  540,  542; 
Forestport  feeder,  539;  historical 
matter,  539 ; principal  facts,  751 ; 
principles  governing  award  in 
damage  claims,  543 ; reservoirs, 
541-43. 

Black  Rock,  decline  in  milling  busi- 
ness, 670 ; expenditures  without 
benefit,  670. 

Blackmar,  Abel  E.,  745-46. 

Blackwell,  E.  R.,  315. 

Bloss,  R.  r.,  365. 

Blythehouriie  Water  Co.,  678,  679. 

Board  of  Engineers  on  deep  water- 
ways, 311,  317,  357,  612. 

Bogart,  John,  575,  658. 

Bond,  Edward  A.,  796,  820. 

Bouck,  W.  C.,  732. 

Bowdoin,  George  S.,  652. 

Brainard,  Frank,  741. 

Breckenridge,  William  A.,  666,  820. 

Bronson,  Amos,  443. 

Brown,  Charles  C.,  718. 

Brown,  John  C.,  652. 

Bryant,  Walter,  647,  648. 

Buffalo  Chamber  of  Commerce,  735, 

Burnet,  Colonial  Governor,  720. 

Burr,  William  H.,  707. 

Calhoun,  A.  II.,  601. 

Canadian  canals,  depth,  795 ; 
Georgian  bay,  795 ; Montreal, 
Ottawa  and  Georgian  bay,  795 ; 
Welland,  796. 

Canadian  Niagara  Power  Co.,  655. 

Canal  committee,  changes  in  new 
Erie  canal,  798 ; cost  of  freight  by 
new  Erie  canal,  799 ; cost  of 
carrying  freight,  enlarged  canal, 
800 ; cost  of  carrying  freight, 
Seymour-Adams  plan,  798 ; cost 
of  Seymour  plan,  797 ; cost  of 
Seymour-Adams  plan,  798;  de- 
scription of  proposed  enlarged 
canal,  800 ; dimensions  of  en- 


larged canal,  799;  dimensions  of 
new  Erie  canal,  798 ; maps  of 
canal,  811 ; proposed  enlarged 
canal,  799;  preferable  projects, 
810 ; report,  797 ; Seymour  plan  as 
modified  by  Adams,  797 ; size  of 
boat,  817. 

Canal  Improvement  Committee, 
744. 

Canal  Investigating  Commission  of 
1898,  741. 

Canals,  see  Canadian  canals ; New 
York  canals. 

Cascade  Pulp  Co.,  672. 

Cataract  Construction  Co.,  652. 
Cataract  Milling  Co.,  647. 
Catchment,  every  area  must  have 
its  own  formula,  169 ; relation 
to  area  of  Hemlock  lake,  340 ; 
Ridgewood  system  for  water 
supply  of  Brooklyn,  683;  reser- 
voirs on  Fishkill,  Rondout, 
Esopus  and  Catskill  creeks  and 
Wallkill  river,  263;  water  sup- 
ply of  Brooklyn  Borough,  688, 
692,  693. 

Allegheny  river,  282. 

Ashokam  reservoir,  711. 

Ausable  river,  249. 

Battenkill,  171,  266. 

Beaver  river,  223. 

Big  Chazy  river,  248. 

Big  Moodna  creek,  707. 

Big  Sister  creek,  205. 

Billings  reservoir,  711. 

Black  river  and  tributaries,  221, 
463,  502,  617,  759. 

Buffalo,  205. 

Butternut  creek,  762. 

Canada  creek,  east,  274,  479,  511. 
Canada  creek,  west,  278,  479,  511, 
789. 

Canadaway  creek,  205,  491. 
Canaseraga  creek,  454. 

Catskill  creek,  263,  468. 
Cattaraugus  creek,  205. 

Cayadutta  creek,  273,  482,  509. 
Cayuga  creek,  205. 

Cayuga  lake  and  tributaries,  217. 
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Catcbnieiit  (continued) 

Cazenovia  lake,  206,  351,  760. 
Central  New  York  lakes,  216. 
Cliateangay  river,  247. 
Chautauqua  creek,  205,  283. 
Clieniuug  river,  488. 

(’henango  river,  487. 

Cliittenango  creek,  760. 

Claverack  creek,  264. 

Clinton  Ilollow  reservoir,  711. 
Clove  creek,  507. 

Clyde  river  and  tributaries,  217. 
Conewango  creek,  283. 

Cowaseloii  creek,  760. 

Croton  river,  256,  378,  468,  505. 
Deer  river,  224. 

Delaware  river,  707 ; and  tribu- 
taries, 290. 

De  Ruyter  reservoir,  351. 
Desplaines  river  (Illinois),  300. 
Eaton  brook,  420. 

Pbgbteenmile  creek,  209. 

* Erieville  reservoir,  351. 

Eso])us  creek,  262,  468,  507,  711. 
Fish  creek,  253 ; west  branch,  501. 
Fisbkill  creek,  257,  468,  711. 
Garoga  creek,  274. 

Genesee  river,  212,  494,  495 ; 

Rochester,  183;  tributaries,  211. 
Great  lakes,  293. 

Great  Valley  creek,  284. 

Hemlock  lake,  337,  498. 

Hibernia  reservoir,  711. 

Honeoye  lake,  574. 

Hoosic  river,  171,  265. 

Hudson  river,  365,  467,  505 ; above 
Hadley  and  tributaries,  624. 
Independence  creek,  224. 

Indian  river,  271. 

Irondequoit  river,  209. 

Jamesville  reservoir,  352. 

.Tobnson  creek,  209. 

Kinder  hook  creek,  264,  468,  508. 
Lake  Champlain,  247,  354. 

Lake  George,  250,  643. 

Little  Moodna  creek,  707. 

Little  Valley  creek,  283. 

Loup  river.  Neb.,  109. 

IMadison  brook,  420. 


Catchment  ( con  tin  tied ) 

Mohawk  river,  272,  468,  508,  707, 
759. 

Moose  river,  223. 

Morris  run,  490. 

Muddy  creek,  205. 

Muskingum  river,  O.,  304. 
Neversink  creek,  707. 

Niagara  river,  208,  491. 

Nine  Mile  creek,  479,  485. 
Normanskill,  264,  474,  507. 

Oak  Orchard  creek,  209. 

Oak  Orchard  swamp,  209. 

Oatka  creek,  337,  495. 

Oneida  creek,  760. 

Oneida  river  and  tributaries,  218. 
Oriskauy  creek,  281,  417,  485,  512, 
759. 

Oswegatchie  river,  503 ; tribu- 
taries, 241. 

Oswego  river,  214,  499 ; tribu- 
taries, 216,  217. 

Otter  creek,  224. 

Owasco  outlet  and  lake,  218. 
I’opolepen  creek,  707. 

Raquette  river,  503,  666;  tribu- 
taries, 244 ; tributary  lakes, 
244. 

Republican  river,  Neb.,  109. 
RoelifC  Jansen  kill,  264,  711. 
Rondout  creek,  258,  468,  707,  711. 
Sacandaga  river,  71,  207,  468; 

tributaries,  623. 

St  Lawrence  river,  321. 

St  Regis  river,  tributaries,  246. 
Salmon  river  east,  249. 

Salmon  river  north,  247. 

Salmon  river  west,  220,  501. 

Sandy  creek,  209. 

Saranac  river,  249. 

Sauquoit  creek,  281,  512. 
Schoharie  creek,  273,  483,  510, 
705. 

Schroon  river,  171,  268,  468,  508, 
631 ; tributaries,  624. 

Seneca  river,  214,  505. 
Shawangunk  creek,  707. 
Silvernails  reservoir,  711. 
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Catchment  {continued) 

Skaneateles  lake  outlet,  347. 

Smoke  creek,  205. 

South  Platte,  Col.,  109. 

Stormville  reservoir.  Til. 
Susquehanna  river,  48G ; tribu- 
taries, 287. 

Tonawanda  creek,  205,  441. 

Trent  river,  247. 

Wallkill  river,  468,  New  Paltz, 
507 ; tributaries,  260. 

Walnut  creek,  205. 

Wappinger  creek,  257,  711. 

West  and  Salmon  creeks,  209. 

Wood  creek,  760. 

Cajmga  and  Seneca  canal,  begun 
and  completed,  731 ; historical 
matter,  537 ; tonnage,  538 ; when 
completed,  537. 

Champlain  canal,  cost,  729 ; Glens 
Falls  feeder,  753,  754;  principal 
facts,  750;  water  supply,  752. 
Cheesbrough,  A.,  648. 

Chicago  Drainage  Commission,  300. 
Chief  of  engineers,  313,  315.  j 

Childs,  O.  W.,  827. 

Chittenden,  Hiram  M.,  304,  317.  | 

Citizens  Water  Co.,  679.  | 

Clarke,  Charles  F.,  652. 

Clarke,  Thomas  C.,  740. 

Cliff  Paper  Co.,  651. 

Climate,  definition,  46;  divisions, 
50 ; enumeration  of  data,  46 ; 
number  of  stations  in  each  divis- 
ion, 51. 

Clinton,  De  Witt,  593,  728,  730. 
Clinton,  George,  723,  741. 

Coffin,  James,  140. 

Cohoes  Co.,  835. 

Colles,  Christopher,  722. 

Collingwood,  Francis,  488,  489. 

Cooley,  Lyman  E.,  294,  311,  '313,  317, 
741,  766,  768. 

Cornwell,  William  J.,  601. 

Corps  of  engineers,  357. 

Corthell,  Elmer  L.,  820. 

Countryman,  E.,  741,  743. 

Cowles  Smelting  Co.,  672. 


Creeks 

Canada,  East,  place  of  power  de- 
velopment, 276;  tributaries,  275. 
Canada,  West,  cost  of  reservoir 
near  Hinckley,  280 ; electrical 
development,  665 ; lakes  at 
source,  278 ; principal  falls, 
278;  storage,  279;  water  yield, 
279. 

Canadaway,  spring  fed,  492 ; west 
branch,  description  and  water 
yield,  491. 

Cazenovia,  slope,  439. 

Chittenango,  fall,  352. 

Conewango,  fall,  283. 
Eighteenmile,  fall,  672. 

Esopus,  direction  of  flow,  262. 
Madison  and  Eaton  brooks,  dif- 
ference in  soils,  421. 

Oriskany,  two  gaging  stations 
established,  281. 

Rondout,  fall,  258;  relation  to 
Delaware  and  Hudson  canal, 
258. 

Sauquoit,  description,  280. 
Schoharie,  commercial  develop- 
ment, 605;  fall,  273;  tributaries, 
273. 

Tonawanda,  diverted  to  Oak 
Orchard  creek,  207 ; part  of 
Erie  canal,  207. 

Croes,  J.  J.  R.,  141,  220,  472,  506, 
548. 

Crosby,  W.  O.,  684,  713. 

Crystal  Water  Co.,  679. 

Dams 

Baldwinsville,  345. 

Croton  river,  472. 

Mechanicville,  flow  over,  366. 

IMt  Morris,  334,  335. 

Rochester,  605. 

Darby,  William,  593. 

Darton,  N.  H.,  691,  716. 

Day,  Horace-  H.,  647. 

Deep  waterways,  alternative  tunnel, 
785 ; board  of  engineers,  777 ; com- 
mercial considerations,  776 ; detail 
of  water  supply,  794 ; cross- 
section  and  size  of  boat,  818 ; esti- 
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mates,  782,  783,  785,  786,  788,  789 ; 
estimate  for  water  supply,  790 ; 
feeder  from  Black  river,  785 ; 
high  level  vs.  low  level,  784;  in- 
jury to  waterpowers,  774;  leak- 
age at  gates  and  structures,  792; 
length  of  locks,  789 ; length  of 
standard  canal  and  canalized 
rivers,  787 ; length  of  time  for 
transit,  787 ; lockage  requirement, 
790;  may  decrease  wealth,  776; 
Olcott  harbor,  783;  power  for 
electric  lights,  792 ; preferable 
route,  781 ; relative  cost  of  dif- 
ferent routes,  783 ; routes  for, 
766 ; scope  of  work,  778 ; speed, 
785 ; spillway,  Mohawk  river, 
793 ; summary  of  Symons’s  re- 
port, 770 ; surveys  made,  782 ; 
traffic,  789 ; tributary  catchment 
to  summit  level,  789 ; views  of 
Michigan  commissioners,  781 ; 
water  for  flushing  boats  out  of 
locks,  792;  water  supply,  785,  788 ; 
water  yield  to  summit  level,  789. 

Deep  waterways  commission,  294, 
311,  357. 

De  Varona,  I.  M.,  681. 

De  Witt,  Simeon,  592,  727,  728. 

Differential  agreement,  date,  745 ; 
effect,  745 ; explanation,  745. 

Dodge,  Charles  Wright,  844. 

Dolgeville  Electric  Light  and  Power 
Co.,  411. 

Dominion  Marine  Association,  796. 

Drain  gages,  how  constructed,  144, 
157 ; runoff,  Geneva,  149 ; surface 
■of  for  different  soils,  147. 

Duncan  Co.,  365,  559. 

Dunlap,  Orrin  E.,  650,  651. 

Early  canals,  see  New  York  canals. 

Early  transportation,  see  Transpor- 
tation. 

Eddy,  Thomas,  593. 

Edson,  Franklin,  741. 

Eilinger,  Fred  R.,  843,  854,  857,  861, 
862. 


Electrical  development,  extent,  553. 
Canada  creek.  East,  277. 

Canada  creek.  West,  279,  665. 
Hudson  river,  660. 

Niagara  Falls,  648,  655. 

Kaquette  river,  668. 

Rochester,  837. 

St  Lawrence  river,  657. 

Schoharie  creek,  663. 

Electrical  Development  Co.  of  On- 
tario, 656. 

Elevation,  climatic  divisions,  51 ; 
deep  waterways,  summit  level, 
791 ; river  valleys,  518. 

Ausable  river,  249. 

Battenkill  river,  266. 

Big  Chazy  river,  248. 

Black  river,  221. 

Boonville,  618. 

Canada  creek.  East,  274. 

Canada  creek.  West,  279. 

Canisteo  river,  285. 

Carthage  dam,  618. 

Cassadaga  creek,  283. 

Cayuta  creek,  285. 

Cedar  river,  271. 

Central  New  York  lakes,  216. 
Charlotte  river,  287. 

Chautauqua  lake,  mouth  of  out- 
let, 283. 

Chemung  river,  285. 

Chenango  river,  286. 

Cohocton  river,  285. 

Conewango  creek,  head  waters, 
283. 

Delaware  river,  289. 

Genesee  river,  212. 

Great  Valley  creek,  283. 
riemlock  lake,  337,  842. 

Hoosic  river,  265. 

Hudson  river,  251,  253,  468. 

Lake  Champlain,  248. 

Lake  Erie,  283,  518. 

Lake  George,  250,  643. 

Lake  Ontario,  519,  795. 

Lake  Simcoe,  Can.,  795. 

Little  Valley  creek,  283. 

Long  Island,  292. 

Longs  Peak,  91. 

Lyon  Palls,  618. 
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Elevation  (continued) 

Mohawk  river  and  tributaries, 
271,  478 ; at  Rome,  478. 
Normanskill,  264, 

Oak  creek,  287. 

Olean  creek,  284. 

Oneida  river,  215. 

Otselic  river,  286. 

Owego  creek,  286. 

Sacandaga  river,  268. 

St  Lawrence  river,  tributary 
lakes,  322. 

Salmon  river  west,  219 ; reser- 
voir, 612. 

Saranac  lake,  248. 

Saiiqiioit  creek  headwaters,  280. 
Schoharie  creek,  273. 

Schroon  river,  269,  635 ; reservoir, 
637. 

Seneca  river,  215. 

Skaneateles  lake,  347. 

Susquehanna  river,  284. 

Tioga  river,  285, 

Tioughnioga  river,  286. 

Unadilla  river,  286. 

Wallkill  river,  695. 

Wappinger  creek,  258. 

Ellicott,  Joseph,  728. 

Ely,  Harvey,  442. 

Emery,  Charles  E.,  526. 

Empire  State  Power  Co.,  274,  483, 
663. 

Emslie,  Peter,  647, 

Engineers,  chief  of,  313,  315. 
Engineers  on  Deep  AVaterways, 
P.oard  of,  311,  317,  357,  612. 
Engineers  Society  of  AA^esterii  New 
York,  650. 

Erie  canal,  act  authorizing  construc- 
tion, 595;  adequate  if  restrictions 
are  removed,  769 ; Carpenter 
brook  feeder,  762 ; completed,  730 ; 
continuously  descending,  801 ; de- 
scription of  continuously  descend- 
ing, 803;  cost  of  extending  Syra- 
cuse level,  806 ; cost  per  mile,  731 ; 
original  cost,  730 ; divided  into 
three  divisions,  751 ; early  com- 
mission for  exploring,  593 ; early 
views  as  to  transportation,  731, 


732  ; eastern  division,  751 ; eastern 
division  water  supply,  752;  eleva- 
tion and  distances,  Rome  level, 
804 ; enlargement  of  1835,  733 ; 
enlargement  completed  in  1862, 
733 ; evaporation,  loss  of  water, 
825,  826,  827,  828,  829;  filtration, 
loss  of  water,  825,  826,  827,  828, 
829 ; first  mention,  727 ; value  of 
freight  carried,  719;  Genesee 
feeder,  relations,  579;  Genesee 
river  temporary  source  of  supply, 
598 ; grain  carried,  735 ; ground 
broken,  729;  growth  and  decline, 
736;  historical,  592;  improvement 
1895,  719,  738;  leakage  at  struc- 
tures, 826,  827 ; middle  division, 
description,  755 ; middle  division, 
water  supply,  759;  Nine  Mile 
creek  feeder,  762 ; organization  of 
transportation  companies,  737 ; 
original  dimensions,  729,  825 ; 

original  locks,  740 ; Owasco  feeder, 
762 ; proposed  power  canal  along 
line,  820;  principal  facts,  750; 
I’utnam  brook  feeder,  762;  quan- 
tity of  water  to  supply  losses, 
830 ; radical  enlargement,  804 ; 
regulator  of  railways,  734;  rela- 
tions of  Eighteenmile  creek,  671 ; 
size  of  boat,  817 ; Skaneateles 
feeder,  762 ; tolls,  720 ; tonnage, 
early  boats,  723 ; waterpower, 
669 ; western  division,  descrip- 
tion, 763;  water  supply,  764. 

Evans,  M.  E.,  474. 

Evaporation,  Champlain  canal,  755 ; 
Desplaines  river,  304 ; exposed 
tub  on  land  at  Rochester,  144; 
floating  tub  at  Rochester,  144 ; 
Great  lakes,  311,  315,  316;  hard- 
wood and  softwood  forests,  179 ; 
how  it  varies,  137 ; mean  annual 
of  several  rivers,  124 ; Muskin- 
gum river,  128;  New  York  city, 
141 ; Oswego  river,  113 ; Oxford, 
Eng.,  341 ; same  on  Croton,  Mus- 
kingum and  Genesee  rivers,  109; 
same  on  Genesee  and  Oswego 
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rivers,  172;  snmniit  level  of  deei) 
waterways,  791 ; 

negative:  conclusions  of  George 
J.  Symons  as  to  significance  on 
River  Thames,  139;  Croton  river, 
138 ; Genesee  river,  138 ; Hudson 
river,  138 ; Muskingum  river,  138 ; 
significance  of,  138. 

Ever  shed,  Thomas,  651. 

Faesch  and  Piccard,  653. 

Fairley,  John  A.,  808. 

Fanning,  J.  T.,  643. 

Farms,  Connecticut,  565 ; Massa- 
chusetts, 565 ; New  York,  565 ; 
lihode  Island,  565. 

Feriiow,  B.  E.,  185. 

Fitz  Gerald,  Desmond,  84,  134. 

Flathush  Water  Co.,  678,  697. 

Floods,  cause,  426;  impracticable  to  ’ 
remove  ice  dams,  470 ; lack  of 
data,  435 ; modified  by  tem- 
porary pondage,  446 ; percent- 
age of  catchment  controlled,  ' 
437 ; prediction  of  bights,  439 ; , 
relations  to  bight  of  ground  j 
water,  426 ; reservoir  control,  | 
438 ; silt  carried  by,  433 ; sum-  j 

mary,  490.  | 

Black  river,  462;  computed  by  j 
Francis’s  formula  in  compari-  i 
son  with  Cornell  experiments,  I 
463;  measurement,  463;  pon-  | 
dage,  464;  water  yield,  463.  ! 

Buffalo  creek,  440.  i 

Canisteo  river,  490.  j 

Chemung  river,  cause,  488. 

Cohocton  river,  490. 

Cohoes  1865,  482. 

Coleman,  485. 

Corning,  487 ; cross-section  of 
bridges,  488. 

Croton  river,  473. 

Elmira,  488. 

Fishkill  creek,  473. 

Genesee  river,  441,  576 ; 1865,  442 ; 
cause,  443;  value  of  regulation, 
452. 

Hinckley,  485. 


Floods  {continued) 

Hudson  river,  conditions  required 
for  production,  469 ; freshets 
and  ice  gorges,  469. 

Middleville,  485. 

Mohawk  river,  481  ; of  August 
1898,  479. 

Newport,  485. 

Niagara  river,  unknown,  441. 
Oswego  river,  efft'ct  of  i>ondage  in 
reducing,  4-58. 

Rochester  1865,  4-12  ; bridge  open- 
ings, -t44. 

Seine  river,  France,  bights,  425. 
Stittsville,  485. 

Susquehanna  river,  1865,  486. 
Tiber  river,  Italy,  423,  424. 
Floods,  cubic  feet  per  second  per 
square  mile 
Allegheny  river,  485. 

Beaver  Dam  creek,  461. 

Beaver  river,  466. 

Black  river,  465. 

Buffalo  creek,  440. 

Canada  creek.  East,  479,  484. 
Canada  creek.  West,  479,  484. 
Catskill  creek,  474. 

Cayadutta  creek,  482. 

Chemung  river,  488. 

Chenango  river,  487. 

Chittenango  creek,  459. 

Croton  river,  472. 

Deer  river,  466. 

Delaware  river,  490. 

Esopus  creek,  474. 

Fish  creek,  east  branch,  460. 

Fish  creek,  west  branch,  459. 
Fishkill  creek,  473. 

Garoga  creek,  483. 

Hudson  river,  467. 

Independence  creek,  466. 

Mad  river,  460. 

Mohawk  river,  475,  477. 

Moose  river,  466. 

Nine  Mile  creek,  479,  485. 
Normanskill,  475. 

Oneida  creek,  459. 

Oriskany  creek,  485. 

Oswegatchie  river,  466. 

Oswego  river,  458. 
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Floods,  cubic  feet  per  second  per 
square  mile  (continued) 

Otter  creek,  46G. 

Kaquette  river,  4G7. 

Koudout  creek,  474. 

Salmon  river,  west,  4G1. 

Sandy  creek,  north  branch,  4G1 ; 

south  branch,  4G1. 

Sauquoit  creek,  485. 

Schoharie  creek,  483,  484. 

Schroon  river,  475. 

Seneca  river,  459. 

Skinner  creek,  4G1. 

Susquehanna  river,  48G. 
Tonawanda  creek,  441. 

Trout  brook,  4G1. 

Wallkill  river,  474. 

Wood  creek,  459. 

Woodhull  creek,  4GG. 

Flower,  Governor,  575. 

Foote,  Nathaniel,  5G9. 

Forbes,  George,  G54. 

Forbes-Leith,  A.  J.,  G52. 

Forests,  area  of  Adirondack  park, 
175 ; area  of  Catskill  park,  177 ; 
classification  of  lands  in  Adiron- 
dack park,  175;  conserve  stream 
ilow,  174 ; decrease  in  productive 
capacity  of  State  if  reforested, 
184 ; dense,  increase  runoff,  173 ; 
duties  of  P^'orest  Preserve  Board, 
45 ; effect  of,  in  . conserving 
stream  flow,  232;  equivalent  in 
protective  effect,  180;  evaporation 
from  hardwood  and  softwood, 
179 ; extent  of  forest  preserve, 
184;  headwaters  of  Salmon  river 
west  and  Fish  creek,  G15 ; how 
they  affect  stream  flow,  18G ; long 
time  element  of  forestry,  185 ; 
policy  of  State  in  regard  to,  174 ; 
proportion  of  virgin  forest,  culled 
and  cleared  area,  233;  relation  to 
climate,  172 ; relative  consump- 
tion of  water  by  hardwood  and 
softwood,  179 ; relative  propor- 
tions in  Schroon  river  reservoir, 
G32 ; several  State  parks  should  be 
created,  182 ; should  entire  State 
be  reforested,  184. 


P'ox,  Austin  G.,  742,  743. 

Fox,  William  F.,  291. 

Frazil  ice,  development  in  New 
York  streams,  840 ; remedy  for, 
840. 

Freeman,  John  N.,  190,  378,  411, 
G94,  701,  702,  707. 

Frye,  Alfred  B.,  820. 

PTiertes,  James  H.,  G97,  702. 

P^ulton,  Robert,  728. 

Gardner,  Addison,  443. 

Garrett,  John  W.,  745. 

Gaskill,  Charles  B.,  G47. 

Geddes,  George,  728. 

Geddes,  James,  592,  729. 

General  Electric  Co.,  559. 

Genesee  Paper  Co.,  495, 

Genesee  River  Co.,  description,  GOl ; 
method  of  procedure,  G04 ; pre- 
amble to  act,  G03 ; price  for 
water,  G03 ; relocation  of  Pennsyl- 
vania railway,  604. 

Geology,  relation  to  sitream  flow, 
1G3 ; streams  north  of  Salmon 
river  west,  501;  water' centers, 
519 ; western  New  York,  717. 
Battenkill  river,  170. 

Black  river,  354. 

Canada  creek.  East,  414. 

Canada  creek.  West,  41G. 

Catskill  creek,  2G3. 

Chittenango  creek,  352. 

Croton  river,  1G9,  25G,  472. 

Eaton  and  Madison  brooks,  422. 
Esopus  creek,  2G1. 

Genesee  river,  1G5. 

Hemlock  lake,  341. 

Hempstead  plains,  G87, 

Hoosic  river,  170. 

Hudson  river,  170,  375. 

Lake  Champlain,  3G5. 

Long  Island,  G84,  G85. 

Mohawk  river,  16G,  481. 
Muskingum  river,  1G7. 

Oriskany  creek,  417. 

Oswego  river,  1G5. 

Raquette  river,  GG7. 

Sauquoit  creek,  41G. 

Schoharie  creek,  484. 
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Geology  {^continued) 

Scbroon  river,  403,  681. 

Seneca  river,  345. 

Skaneateles  lake,  347. 

Staten  Island,  713. 

Wallkill  river,  260,  698,  701. 

German- American  Improvement  Co., 
679. 

Gilbert,  J.  H.,  137. 

Glens  Falls  Portland  Cement  Works, 
558. 

Great  Eastern  Canal,  description 
and  estimated  cost,  821,  822. 

Great  lakes,  discharge,  311,  319 ; 
effect  of  obstructing  water,  317 ; 
loss  of  water,  316,  322 ; water 
levels,  311. 

Green,  Andrew  II.,  750. 

Green,  George  E.,  716. 

Greene,  David  M.,  462. 

Greene,  Francis  V.,  796,  808,  810. 

Greenidge,  C.  A.,  665. 

Groat,  L.  H.,  656. 

Ground  water,  relation  of  low 
water  to,  202 ; relation  of  voids 
in  soils,  453;  storage  of  Genesee 
river,  453,  454. 

Guyot,  Arnold,  43. 

Gzow'ski,  Sir  Casimir  S.,  315. 

Hannawa  Falls  Water  Power  Co., 
666 ; canal,  668 ; dam,  667 ; de- 
velopment, 668;  power  developed, 
669. 

Harper,  John,  650. 

Harrington,  Mark  W.,  87. 

Hatch,  James  II.,  671. 

Hawley,  Jesse,  728. 

Heberden,  84. 

Hellriegel,  36. 

Henry,  Alfred  J.,  83,  96. 

Henry,  D.  F.,  315. 

Henry,  Joseph,  84. 

Henshaw,  George  H.,  840. 

Hering,  Rudolph,  707. 

Herschel,  Clemens,  106,  569. 

Higgins,  A.  F.,  741. 

Hill,  Herbert  M.,  858,  861. 

Hill,  W.  N.,  219. 

Himes,  Albert  J.,  773. 


I Hoffman,  Michael,  732. 

Holland  Land  Co.,  675. 

Holley,  Myron,  728. 

Holly  Manufacturing  Co.,  673. 

Hough,  Franklin  B.,  172,  224. 

Howe,  Walter,  652. 

Howell,  D.  J.,  463. 

Hudson  River  Electric  Co.,  663. 

Hudson  River  Power  Transmission 
Co.,  559,  622,  659 ; development, 
660 ; location,  659. 

Hudson  River  Water  Power  Co., 
622,  660;  capacity,  660;  develop- 
ment, 660;  electrical  development, 
661 ; location,  060  ; reservoir,  660  ; 
resources,  661. 

Hutchinson,  Holmes,  732. 

Hydraulic  Power  Co.’s  race,  858. 

Improvements,  cost  of  several, 
742;  Oak  Orchard  creek,  675. 

Indian  River  Co.,  270. 

Indurated  Fibre  Co.,  672. 

International  Deep  Waterways  As- 
sociation, 317. 

International  Paper  Co.,  373,  559, 
870. 

Jackson  Lumber  Co.,  672. 

Jacob,  Arthur,  427. 

Jamaica  Water  Supply  Co.,  679. 

James,  Darwin  R.,  741. 

Jenne,  Daniel  C.,  540. 

Jervis,  John  B.,  323,  732,  825. 

Jesup,  Morris  K.,  052. 

. Jewett,  H.  J.,  745. 

Johnson,  W.  C.,  278,  503,  650,  651, 
669. 

Johnson  and  Seymour  race,  858. 

Johnston,  Thomas  T.,  125,  301. 

Judson,  William  Pierson,  774. 

Kelly,  Hugh,  750. 

Kennedy,  John,  839. 

Kennedy,  Richard,  671. 

Kincaid,  Waller  and  Manville,  058. 

Lake  Champlain,  high  and  low 
water,  357 ; length  and  breadth, 
248 ; tributaries,  248. 
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Luke  Erie,  water  level.  311 ; water 
supply  of  Buffalo,  868;  wind 
action,  313. 

r.ake  Ontario  and  Seneca  Lake 
Navigation  Co.,  532.  * 

liUke  Ontario  Water  Co.,  854.  i 

Lakes  of  central  New  York,  how  | 
they  tend  to  reduce  floods,  113; 
fluctuations,  112;  list,  21G. 

Lanier,  Charles,  G52. 

Larocque,  Joseph,  652. 

Lattimore,  S.  A.,  846,  850,  854,  855. 

Lawes,  Sir  J.  B.,  137. 

Ledoux,  J.  W.,  854. 

Litigations,  Canal  Appraisers  vs  the 
People,  533;  Kempshall  vs  Coni- 
niissioners  of  Canal  Fund,  535 ; 
I’eople  vs  Canal  Appraisers,  534 ; 
I’eople  vs  Tibbetts,  533 ; Stacey, 
Bichard  ^I.  vs  City  of  Syracuse, 
547 ; Waller  vs  State  of  New 
York,  551. 

Little,  W.  P.,  655. 

Livingston,  Bobert  B.,  728. 

Lockport,  economic  statistics,  673 ; 
rental  for  waterpower,  673 ; re- 
sult of  building  canal,  671 ; water 
supply,  714 ; water  yield  in 
vicinity,  715;  wells,  715. 

Lockport  Hydraulic  Power  Co.,  671, 
836. 

Lockport  Paper  Co.,  672. 

Long  Island,  legal  principles  apply 
to  the  taking  of  water  from  sands, 
291 ; length  and  width,  683 ; 
natural  reservoirs,  693 ; relation 
of  geology  to  water  supplies,  684; 
streams,  292 ; watershed,  683 ; 
water  yield  of  sands,  291,  693. 

Long  Island  Water  Supply  Co.,  678, 
679. 

Lovelace,  E.  L.,  655. 

Lyell,  Sir  Charles,  315. 

Me  Alpine,  William  J.,  462. 

McClintock,  J.  Y.,  820. 

McEchron,  William,  741. 

McElroy,  Samuel,  462. 

McFarlane,  Wallace,  742,  743. 


.McKinstry,  John,  536. 

McLouth,  Charles,  575. 

Manhattan  Water  Supply  Co.,  676. 
Manufacturing,  encouragement,  567 ; 
discouraged,  873;  value  of 
water  in  New  York,  775. 
Ballston  Springs,  559. 

Cohoes,  559. 

Connecticut,  561. 

Eighteenmile  creek,  672. 

Fishkill  creek,  712. 

Fort  Edward,  559. 

Fort  Miller,  559. 

(Bens  Falls,  558. 

Hadley,  559. 

Lansingburg,  559. 

Lockport,  671. 

Massachusetts,  561. 

Mechanicville,  559. 

New  York,  561. 

I*almers  Falls,  559. 

Bhode  Island,  561. 

Sandy  Hill,  558. 

Saratoga  Springs,  559. 
Schenectady,  559. 

Schuylerville,  559. 

Seneca  river,  538. 

Troy,  559. 

Wappinger  creek,  712. 

Waterford,  559. 

Watervliet,  559. 

Marichal,  Arthur,  330. 

Marsh,  Daniel,  182,  494,  852. 
Mascart,  E.,  653. 

Medina  Business  Men’s  Association, 
675. 

Meteorological  bureau,  when  organ- 
ized, 46;  work,  47. 

Mill  acts,  effect  on  population,  563; 
states  in  which  laws  have  been 
enacted,  529;  New  England,  529. 
Mills,  Darius  O.,  652,  655. 

Mills,  F.  C.,  441,  732,  826. 

Minimum  flow,  Genesee  river,  de- 
crease, 495 ; importance  of,  491 ; 
Long  Island  streams,  688 ; Morris 
river,  496;  Oswego,  Mohawk  and 
Hudson  rivers,  39;  tendency  to 
fixed  rate,  496. 
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Minimum  flow  per  cubic  foot  per 
second  per  square  mile 
Allegheny  river,  512. 

Black  river,  502. 

Canada  creek.  East,  511. 

Canada  creek.  West,  511. 

Canada  way  creek,  west  branch, 
491. 

Catskill  creek,  507. 

Cayadutta  creek,  509. 

Clove  creek,  507. 

Croton  river,  505. 

Delaware  river,  512. 
l^lsopus  creek,  507. 

Fish  creek,  west  branch,  501. 
Fishkill  creek,  506. 

Genesee  river,  494. 

Hemlock  lake,  498. 

Hudson  river,  504. 

Kinderhook  creek,  508. 

Mohawk  river,  508. 

Niagara  river,  491. 

Normanskill,  507. 

Oatka  creek,  496. 

Oriskany  creek,  512. 

Oswegatchie  river,  503. 

Oswego  river,  499. 

Raquette  river,  503. 

Rondout  creek,  507. 

Salmon  river  west,  501. 

Sauquoit  creek,  512. 

Schoharie  creek,  510. 

Schroon  river,  508. 

Seneca  river,  501. 

Susquehanna  river,  512. 

Wallkill  river,  507. 

Mississi])pi  River  Commission,  314. 
Monroe.  S.  E.,  486. 

Montauk  Water  Co.,  679. 

Montreal  Flood  Commission,  840. 
Montreal  Harbor  Commissioners,  840. 
Moore,  Henry,  721. 

Morgan,  Pierpont,  652. 
Morgan-Smith  Co.,  669. 

Morris,  Gouverneur,  593,  727. 
Mountains,  eastern  New  York,  42  ; 
main  mass  of  State,  43;  western 
New  York,  40. 

Mullins,  Lieutenant  General  J.,  116. 
jMumford,  George  E.,  443. 


Nelson  Knitting  Co.,  414. 

New  York,  change  in  economic  con- 
ditions, 837  ; cities,  521 ; decline 
of  commerce,  743;  future  com- 
mercial policy,  875 ; comparison 
by  equivalent  areas,  529 ; con- 
tradictory laws  paralyze  industry, 
553 ; contradictory  laws  relating 
to  water,  552 ; owns  beds  of  Hud- 
son and  Mohawk  rivers,  534,  535 ; 
State’s  responsibility  for  owner- 
ship of  Hudson  and  Mohawk 
rivers,  535 ; laws  discourage 
manufacturing  by  waterpower, 
838 ; no  general  mill  act,  530 ; 
special  mill  acts  vs  general  mill 
acts,  552 ; why  no  mill  act  has  been 
enacted,  531 ; preeminent  position, 
30 ; relation  of  State  to  power  de- 
velopment on  rivers,  31 ; rank, 
528 ; River  Improvement  Commis- 
sion, 552  ; sewage  disposal,  522  ; 
steampower  in  1900,  526;  titles 
to  lauds  derived  from  the  laws  of 
Holland,  531;  topographical  map, 
523 ; waterpower  in  1900,  526 ; 
relative  development  of  water- 
power in  Connecticut,  Massachu- 
setts and  Rhode  Island,  555 ; pre- 
ferable plan  for  water  supply, 
522 ; Water  Supply  Commission, 
526 ; duties  of  Water  Supply  and 
Sewage  Disposal  Commission, 
523. 

New  York  and  Hudson  Valley  Aque- 
duct Co.,  643. 

New  York  and  Westchester  Water 
Co.,  679. 

New  York  canals,  early  history, 
720-33  ; first  mention,  720,  726 ; 
continuously  descending,  north- 
ern and  southern  routes,  805, 
806;  ship  canal,  766;  cost  of 
surveys  for  ship  canal,  777 ; es- 
sential to  commercial  pros- 
perity,  822;  list,  823-24;  im- 
provement of  rivers,  720,  727. 
Barge,  801-20. 

Black  river,  539,  544,  751. 

Cayuga  and  Seneca,  537,  731. 
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New  York  canals  {continued) 
Champlain,  729,  750. 

Chemung,  731. 

Chenango,  731. 

Crooked  Lake,  731. 

Erie,  592,  671,  719,  751,  801,  825. 

See  also  Erie  canal. 

Genesee  Valley,  738,  764. 

Oneida  Lake,  738,  750. 

Oswego,  731,  751,  762. 

New  York  Central  and  Hudson 
River  Railway,  737,  849. 

New  York  Commerce  Commission, 
conclusions,  745. 

Niagara  Falls,  future  development, 
656 ; power  tunnel,  651,  653. 

Niagara  Falls  Chamber  of  Com- 
merce, 657. 

Niagara  Falls  Hydraulic  Power  and 
Manufacturing  Co.,  648,  649 ; 

method  of  development,  649 ; 
power  furnished,  648,  650;  supply 
canal,  650. 

Niagara  Falls  Park  Reservation, 
651. 

Niagara  Falls  Power  Co.,  651 ; de- 
velopment, 653;  historical,  651- 
55 ; method  of  development,  652 ; 
power  furnished,  654-55. 

Niagara  Paper  Co.,  672. 

Niagara  River  Hydraulic  Tunnel, 
I’ower  and  Sewer  Co.,  652. 

Nichols,  L.  L.,  462. 

Noble,  Alfred,  777. 

North,  Edward  P.,  741,  820. 

North,  William,  593. 

Northern  Inland  Lock  Navigation 
Co.,  532,  723,  726. 

Ogden,  D.  A.,  601. 

Ontario  Power  Co.,  656. 

Oswego  canal,  begun  and  completed, 
731 ; principal  facts,  751 ; water 
supply,  762. 

Oswego  Canal  Co.,  834. 

Paper  industry,  abuses,  872 ; capital 
invested  in  New  York,  865;  cost 
of  domestic  spruce  per  cord,  865 ; 
effect  of  International  Paper  Co. 


on  forestry,  870;  effect  of  Inter- 
national Paper  Co.  on  water 
storage,  872  ; exports,  866  ; growth 
of  paper  and  pulp  business,  554; 
mechanical  pulp  first  used,  869 ; 
New  York  compared  with  Massa- 
chusetts, 866-67 ; number  of  es- 
tablishments ill  New  York,  866; 
numher  of  sulphite  mills  in  New 
York,  869 ; origin,  869 ; principal 
woods  used,  868;  processes  of  re- 
duction to  pulp,  868;  quantity  of 
Canadian  spruce,  865 ; quantity  of 
domestic  spruce,  865;  quantity 
of  timber  cut,  872;  relative  rank 
of  New  York,  868 ; soda  process 
first  used,  869 ; sulphite  process 
first  used,  869 ; total  cost  of  ma- 
terials, 865 ; total  use  of  wood. 
865;  total  value  of  product,  866; 
use  of  rags,  866;  use  of  steam- 
power,  8(57 ; use  of  waterpower, 
867. 

Partridge,  John  N.,  796. 

Patten,  John,  821. 

Pock’s  History  of  liochester,  442. 
Percolation,  summit  level  of  deep 
waterways,  791 ; through  strata, 
168. 

Philadelphia  Watei\Department,  80. 
Pittsburg  Reduction  Co.,  646,  659. 
Ponzi,  Prof.,  424. 

Population,  density  of  in  New  York, 
521 ; rural,  521. 

Connecticut,  5(X). 

Lockport,  671. 

Massachusetts,  56Q. 

Mohawk  valley,  521. 

New  York  city  18 -'{2,  667. 

New  York  State,  520,  560. 

Portage  reservoir,  580. 

Rhode  Island,  560. 

Rochester,  603. 

Staten  Island,  712. 

Wallkill  river  catchment,  701. 
Warrensburg,  635. 

Watertown,  225. 

Porter,  Augustus,  646,  648. 

Porter,  P^tf'r  B.,  593. 
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Queens  County  Water  Co.,  679. 

Quinby,  I.  F.,  443. 

Quintus,  315. 

Rainfall,  accuracy  of  records,  91 ; 
air  cooled  by  rain,  83 ; formula 
for  bight  of  gage,  85;  low  at 
Hemlock  Lake,  Avon,  Penn  Yan, 
Lyons  and  Geneva,  149 ; me- 
teorological divisions,  514 ; 
meteorological  tables,  list,  26 ; 
minimum  at  various  places  in 
New  York,  97-104;  relation  of 
May  to  runoff,  120;  relation  of 
minimum  to  runoff,  105 ; rela- 
tion to  air  circulation,  47 ; rela- 
tion to  bight  of  water  in  wells, 
161. 

Avon,  89. 

Canada  way  creek,  491. 

Croton  river,  189. 

Eaton  brook,  420,  421. 

Genesee  river,  108,  189,  308. 

Great  lakes,  294,  298,  311,  315, 
316. 

Hemlock  lake,  89,  340,  498. 

Hudson  river,  107,  189,  629. 

Jacksonville,  90. 

Lake  Champlain,  357. 

Lake  George,  643. 

Long  Island,  689. 

Longs  Peak,  91. 

Loup  river.  Neb.,  109. 

Madison  brook,  420,  421. 

Massachusetts,  western,  171. 

Mississippi  reservoirs,  299. 

Mississippi  valley,  90. 

Mohawk  catchment  1898,  479,  480. 

Mount  Morris,  89. 

Mount  Washington,  91. 

iMuskingum  river,  108,  189,  304. 

New  York  State,  53-79. 

Oatka  creek,  494. 

Pacific  coast,  90. 

Republican  river.  Neb.,  109. 

Rocky  Mountain  region,  90. 

South  Platte,  Col.,  109. 

Western  plateau,  715. 

Wyoming  county,  38. 

Ramapo  Water  Co.,  693. 


Rankine,  William  B.,  652,  654,  655. 
liaymond,  Charles  W.,  777. 

Real  estate 

Connecticut,  561. 

Massachusetts,  561. 

New  York,  561. 

Rhode  Island,  561. 

Reservoirs,  amount  of  water  to 
streams,  614 ; effect  in  moderat- 
ing fioods,  456 ; limit  of  stor- 
age, 628 ; quantity  of  storage 
on  the  several  plateaus,  515 ; 
relation  on  Mississippi  to  Great 
lakes,  300 ; storage  proportional 
to  catchment  area,  582;  water 
supply  of  Greater  New  York, 
681. 

Adirondack  region,  613. 

Ashokam,  709. 

Basher  kill,  707. 

Big  Moodna  creek,  707. 

Billings,  709. 

Black  river,  572,  617,  621. 

Black  river  canal,  541,  543. 

Carpenters  brook,  550. 

Catskill  creek,  573,  702,  705. 

Cazenovia  lake,  351 ; capacity, 
760 ; loss  of  water,  169. 

Cedar  river,  271. 

Croton  river,  380,  573. 

Delaware  river,  707. 

De  Ruyter,  351,  761. 

Erieville,  351,  760;  loss  of  water, 
169. 

Esopus  creek,  261,  573,  704. 

Fishkill  creek,  573. 

Forestport,  760. 

Genesee  river,  572,  574,  576,  581, 
587. 

Hadley,  627. 

Hill  View,  708,  709. 

Hudson  river,  621,  622,  627,  630, 
631,  645. 

Indian  lake,  269,  504. 

Jamesville,  352,  761,  762. 

Lake  George,  644. 

Little  Moodna  creek,  707. 

Mahwah  river,  707. 

Never  sink  creek,  707. 

Oneida  lake,  773. 
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lieservoirs  {continued) 

Oriskany  creek,  417. 

Otisco  lake,  762. 

Popolepen  creek,  707. 

Raqnette  river,  GGS. 

Koeliff  Jansen  kill,  573. 

Kondout  creek,  707. 

Salmon  river,  571,  G12,  615,  616, 
632. 

Schoharie  creek,  573,  702,  706. 

Schroon  river,  572,  625,  631,  633, 
635,  636,  637. 

Shawan,£:nnk  creek,  707. 

Stormville,  708,  709. 

Wallkill  river,  573,  698. 

AVappinger  creek,  573. 

Reynolds,  315. 

Ries,  Heinrich,  701. 

Risler's  experiments,  consumption 

of  water,  35 ; depth  of  water  per 

day.  36. 

River  Improvement  Oommission, 

874. 

Rivers,  permanent  commission  to 
control,  567 ; relation  in  Maine  ^ 
of  rnnotf  to  catchment,  126. 

Allegheny,  description,  282;  scope, 
284;  tributaries,  282. 

Ausable,  length,  249;  undeveloped 
waterpowers,  250. 

Rattenkill,  fall,  266 ; water  yield, 
267. 

Reaver,  storage  at  Stillwater,  223. 

Black,  chief  waterpower  points, 
226 ; commissioners  authorized,  i 
545 ; complete  regulation,  425 ; | 
early  history.  224;  lakes  at 
headwaters.  222 ; length,  222 ; 
topographical  subdivisions,  463  ; 
water  yield,  502. 

Buffalo,  wliat  streams  .join  to 
form,  439. 

Canisteo,  slope,  490. 

Croton,  aqueduct,  680 ; area  of 
water  surface.  400 ; cost  of  : 
catchment,  186 ; cost  of  reforest- 
ing catchment,  187 : direction  of 
flow,  256 ; early  flow,  6(57 ; 
storage,  380;  tributaries,  256, 
378;  water  surface  exposed  to  | 


evaporation,  191 ; water  yield, 
380. 

Delaware,  description,  289 ; pos- 
sibility of  power  development, 
291 ; slope,  289. 

Desplaines,  bight  of  ground 
water,  301. 

Hast,  value,  292. 

Genesee,  annual  flood  a benefit, 
451 ; deforested,  131 ; descrip- 
tion, 210;  early  claimants  for 
damages  at  Rochester,  600;  fall, 
582;  gagings  of  low  water  flow, 
182 ; law  of  runoff,  446 ; low 
water  periods,  129 ; memorial 
for  damages  on  account  of 
canal,  599  ; precipitation  highest 
at  source,  88,  89;  proportion  of 
catchment  in  forest  in  18^/6, 
183 ; public  highway,  598 ; 
rapid  runolf  of  upper  section, 
450 ; regulation,  583 ; relation 
of  floods  at  Mt  Morris  and 
Rochester,  449,  450;  relation  of 
flows  at  Mt  Morris  and  Roches- 
ter, 452 ; relative  catchment  at 
Mt  Morris  and  Rochester,  453; 
summer  floods,  450;  total  horse- 
l>ower,  592 ; tributaries,  211 ; 
weir  measurements,  333,  334. 

Hoosic,  fall,  265 ; reservoirs  in 
Massachusetts,  265. 

Hudson,  cost  and  capacity  of  com- 
pensating reservoirs,  641 ; cost 
of  drawing  logs,  40;  direction  of 
flow,  251 ; effect  of  fresh  water 
inflow,  646 ; forestation,  131 ; 
ice  crop,  717 ; inland  estuary, 
251 ; length,  251 ; limit  of  de- 
velopment, 504;  logs  marketed, 
40;  manufacture  of  bricks,  717'; 
navigable  estuary,  31 ; power 
development  below  Mechanic- 
ville,  660;  precipitation  at 
mouth  higher  than  at  source, 
87 ; slope,  468 ; storage  of 
I'lmbermen’s  dams,  504;  titles 
to  lands  derived  from  laws  of 
Holland,  531 ; tonnage,  718 ; 
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tributaries,  252 ; tributaries  of 
tidal  portion,  468. 

Indian,  cost  of  storage,  271; 
dam,  270. 

Mohawk,  cavities  in  limestone, 
166;  distance  to  headwaters  of 
tributaries,  478 ; division  at 
Little  Falls,  482 ; principal 
falls,  272;  titles  to  lands  de- 
rived from  laws  of  Holland, 
531 ; effect  of  temporary  pon- 
dage, 479;  tributaries,  252,  271. 

Muskingum,  low  water  periods, 
127. 

Niagara,  developments  affecting, 
292 ; discharge  measurements, 
313. 

Oswego,  computed  runoff  for  cer- 
tain years,  153. 

Raquette,  complete  regulation 
possible,  425;  fall,  666;  power 
development,  666. 

Sacandaga,  direction  of  flow,  267 ; 
fall  at  Conklinville,  268. 

St  Lawrence,  electrical  develop- 
ment, 658 ; high  water,  322 ; 
Long  Sault  rapids,  243 ; low 
water,  322;  diflicult  navigation, 
794 ; power  development,  657 ; 
present  development,  659. 

Salmon  river  west,  proportion  of 
catchment  in  forest,  219;  pro- 
posed water  supply  for  Syra- 
cuse, 219. 

Saranac,  fall  and  length,  248. 

Schroon,  direction  of  flow,  269 ; 
water  yield,  400. 

Seneca,  canal  along,  344;  manu- 
facturing on,  538. 

Susquehanna,  deforested  area, 
486 ; slope,  284 ; water  yield,  287. 

Tiber,  Italy,  canal  at  mouth,  424 ; 
not  suited  for  water  storage, 
424;  river  conservancy  commis- 
sion, 423. 

Wallkill,  capacity  of  reservoir, 
698;  cost  of  reservoir,  700;  de- 
scTiption,  697 ; objections  to 
reservoir,  699 ; soil  of  reservoir 
bottom,  702 ; water  yield,  688. 


Roberts,  Louis,  869. 

Rochester,  dams,  605 ; discharge 
through  conduit  of  waterworks, 
338 ; falls,  606 ; permanent  power, 
611 ; raceways,  607 ; subdivision 
of  water  power  among  raceways, 
607 ; steam  power  in  use,  214 ; use 
of  soft  coal,  588. 

Rochester  and  Brush  Electric  Light 
Co.,  858. 

Rochester,  Carroll  and  Fitzhugh 
race,  858. 

Rochester  Chamber  of  Commerce, 
569,  574. 

Rochester  Water  Supply  Co.,  847. 

Roosevelt,  Theodore,  742,  796. 

Royal  Electric  Co.,  357. 

Runoff,  amount,  202;  constant  rela- 
tion to  rainfall,  164 ; Dickens’s 
formula,  116;  erroneously  esti- 
mated, 324 ; effect  of  forests, 
178  ; exponential  formulas,  197  ; 
formula,  how  derived,  110;  no 
general  formula,  82 ; Ryves’s 
formula,  116 ; gradually  de- 
creasing, 33 ; influence  of  lakes, 
110;  method  of  estimating  ac- 
curacy, 197 ; universally  over- 
estimated, 113 ; proportionate 
part  of  rainfall,  119 ; rainfall  to 
produce  any  at  all,  164 ; rela- 
tion in  Maine  to  catchment, 
126;  relations  to  ground  water, 
203 ; summer  months  in  New 
Jersey,  164;  summer  months  in 
New  York,  164 ; variation  for 
different  soils,  162 ; variation  in 
proportion  to  size  of  catchment, 
126. 

Canadaway  creek,  493. 

Croton  river,  189,  378. 

Eaton  brook,  420,  421. 

Fish  creek,  east  branch,  616. 
Genesee  river,  39,  108,  189,  308. 
Great  lakes,- 311,  315,  316,  321. 
Hemlock  lak:',  3;>8,  498;  compared 
with  Thames  river,  340. 

Hudson  river,  107,  189 ; com- 

pared with  Genesee  river,  591. 
Loup  river,  Neb.,  109. 
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Kunoff  (continued) 

Madison  brook,  420,  421. 
Mississippi  reservoirs,  299. 
]\Iiiskingiim  river,  108,  189. 
Niagara  river,  38,  315,  317,  319. 
Oak  Orchard  creek,  G74. 

Oatka  creek,  337 ; relations  to 
Genesee  river,  333. 

Oriskany  creek,  effect  of  reser 
voirs,  417. 

l*e(inannock  river,  N.  J.,  127. 
Kepnblican  river.  Neb.,  109. 

St  Lawrence  river,  39,  322. 
Sebroon  river,  bow  modified,  400. 
Soiitb  Flatte,  Col.,  109. 

Tliaines  river,  341. 

Knssell,  John  E.,  294,  7G0. 

Knssell,  Thomas,  90,  125,  439. 

St  Catharine,  Board  of  Trade,  79G. 
St  Lawrence  Power  Co.,  G58. 
Saratoga  Gas,  Pfiectric  Light  and 
Power  Co.,  GG3. 

Scateberd,  John  W.,  79G. 

Scbenck,  Martin,  57G,  814. 

Scliieren,  Charles  A.,  750. 
Schoellkopf,  Jacob  F.,  G48. 

Scliroon  River  Pulp  Co.,  G35. 
Scbnyler,  Phillip,  723. 

Scott,  Thomas  A.,  745.  * 

Seddon,  James  A.,  317. 

Sellers,  Coleman,  653. 

Seneca  Lock  & Navigation  Co.,  53G. 

537,  726,  729. 

Seymour,  Silas,  801,  814. 

Sbayne,  C.  C.,  750. 

Slielford,  W.,  424. 

Skaneateles  lake,  damages  awarded, 
547 ; not  part  of  Erie  canal,  548 : 
fall,  546 ; first  appropriated,  546 ; 
historical,  545 ; loss  of  water  from 
outlet,  168. 

Smith,  Alexander  R.,  750. 

Smith,  S.  A.,  424. 

Snow,  John,  849. 

Snowfall,  data,  49;  depth,  49. 

South  Shore  Water  Co.,  679. 
Springs,  in  ocean,  168  ; Morris  run, 
496 ; yield  of  at  Akron,  863 ; yield 


of  near  Batavia,  863  ; yield  of  at 
Williamsville,  863. 

Staten  Island  Water  Supply  Co., 
679. 

Statistics,  agriculture  in  relation  to 
waterpower,  565 ; importance  of 
right  conclusions,  528;  population 
in  relation  to  manufacturing,  560. 

Stetson,  Francis  L.,  652. 

Streams,  backward  state  of  weir 
measurements,  330 ; characteris- 
tics, 427 ; concave  profile,  422 ; 
divided  into  three  parts,  422 ; 
formula,  125  ; division  into  classes, 
127 ; how  gaged,  124 ; Howes 
cave,  166;  Lausanne,  Switzerland, 
167 ; Luray  cave,  167 ; Mammoth 
cave,  167 ; methods  of  gaging, 
328 ; relation  of  flow  to  gi’ound 
water,  120;  relation  of  geology  to 
runoff,  165  ; safe  yield,  114;  weir 
formula,  331 ; weir  measurements, 
133. 

Swamps,  drainage,  568;  value,  865. 
Cicero,  864. 

Conewango,  864. 

Flint  creek,  864. 

Montezuma  marsh,  864. 

Oak  Orchard,  864. 

Tonawanda,  864. 

Wallkill  valley,  864. 

Weedsport,  864. 

Sweet,  Charles  A.,  652. 

Sweet,  Elnathan,  576,  801. 

Sweet,  S.  II.,  422. 

Swet,  A.  L.,  675. 

Symons,  George  J.,  139. 

Symons,  Thomas  W.,  768,  796,  810, 
820. 

Talcott,  S.,  826. 

Talcott,  W.  H.,  826.  • 

Tate,  Thomas,  135. 

Temperature,  decreases  with  alti- 
tude, 47 ; winter  effect,  47. 

Thomas,  Evan,  575. 

Thomson,  Sir  William,  653. 

Thorold  Board  of  Ti*ade,  796. 

Tracy,  Henry,  498,  826. 
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Topography 

Black  river,  4G3. 

Croton  river,  188. 

Genesee  river,  188. 

Hudson  river,  188. 
jMiiskingiun  river,  188. 

Traders  Paper  Co.,  672. 
Transportation,  early,  cost,  723 ; ex- 
plorations for,  7-20,  770;  time,  723. 
Trautwine,  John  C.,  jr,  330. 

Trenton  Falls  Power  Co.,  278. 
Turner,  E.  T.,  88. 

Turretini,  Theodore,  653. 

Twombly,  Hamilton  McK.,  652. 

Union  Bag  and  Paper  Co.,  559. 
Unwin,  AV.  O.,  053. 

Utica  Gas  and  Pilectric  Co.,  665. 

Vanderbilt,  William  H.,  745. 
Vanderbilt,  AVilliam  K.,  652. 

Van  Rensselaer,  Stephen,  593,  728. 
Velschow,  Franz  A.,  83. 

Vermeule,  C.  C.,  105,  121,  134,  164, 
170,  186,  474. 

A'ernon-Harcourt,  L.  F.,  425. 
von  Wex,  Gustav  Bitter,  427. 

Ward,  Lebbeus  B.,  680. 

Ward,  Lewi  A.,  443. 

Warrington,  Robert,  137. 
Washington,  George,  721. 

Water  analysis 
Devil’s  lake,  862. 

Gates  well,  846. 

Genesee  river,  856-57. 

Hamilton  Springs,  862. 

Hemlock  lake,  843. 

Honeoye  creek,  855. 

Horseshoe  lake,  862. 

Lake  Erie,  859^60. 

Lake  Ontario,  854. 

Mill  Springs,  862. 

Oak  Orchard  creek,  861. 

Snow  springs,  850. 
wells  near  Shelby  Center,  861. 
Water  centers,  area,  517;  descrip- 
tion of,  517 ; quantity  of  water 
from,  519 ; streams  issuing  from, 
518;  towns  supplied,  520. 


Water  periods,  growing,  81 ; per- 
centage of  total  runoff  in  storage 

period,  119 ; replenishing,  81 ; 

storage,  80. 

Waterpower,  compared  with  agri- 
culture, 567 ; future  develop- 
ment, 838 ; greatest  develop- 
ment of  reservoirs,  531 ; value 
of  horsepower,  566 ; total  in 
New  York,  571 ; use  in  paper 
Olid  pulp  business,  554;  average 
of  wheels,  571 ; wheels  used  for 
gaging,  329 ; wheels  at  P^ort 
Edward,  373;  wheels  at  Me- 
chanicville,  373. 

Adirondack  region,  555. 

Ausable  river,  undeveloped  power 
on,  250. 

Battenkill  river,  266. 

Beaver  river,  223. 

Black  river,  chief  points,  226. 

Black  Rock,  obstruction  to  naviga- 
tion at,  670. 

Canada  creek,  west,  665. 

Cohoes,  basis  of  original  develop- 
ment at,  235 ; interference  with 
at,  775;  price  at,  835;  mill- 
power  at,  836. 

Pirie  Canal,  669. 

Genesee  river,  571,  574,  602. 

Glens  P^'alls,  basis  of  original  de- 
velopment at,  235. 

Hoosic  river,  265. 

Hudson  river,  639;  value  on,  640. 

r^ake  George,  643. 

Inttie  PVills,  basis  of  original  de- 
'\'eiopnient  at,  235. 

Pmckport,  basis  of  original  de- 
velopment at,  235 ; price  at,  836. 

Massachusetts,  use  in,  554 ; ad- 
vantage of,  562;  reservoirs  in 
benefit  to  Hudson  river,  531. 

Massena,  243. 

Medina,  674,  675. 

Mohawk  river,  272. 

Moose  river,  223. 

Niagara  Falls,  historical,  646 ; 
price  at,  836. 
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Waterpower  {continued) 

Oswego,  basis  of  original  develop- 
ment at,  235 ; mill  power  at, 
834;  price  at,  834. 

Oswego  river,  waterpower,  218. 
Kocli ester,  basis  of  original  de- 
velopment at,  235  ; price  at,  837 ; 
dams,  G05.  ' 

Saranac  river,  249. 

Schoharie  creek,  GG3. 

Schroon  river,  G35. 

Seneca  river,  345. 

'Watertown,  basis  of  development 
at,  235. 

Water  supply,  based  on  gagings, 
114;  economy  not  desirable  in 
canals,  829;  estimates  for 
canals,  831 ; no  specific  rule  for 
estimating,  831 ; necessity  for 
filtration,  712 ; municipal  sup- 
plies should  be  drawn  from 
forested  areas,  187. 

Buffalo,  858. 

Champlain  canal,  752. 

Oswego  canal,  7G2. 

Rochester,  841,  842,  858. 

Staten  Island,  712. 

Syracuse,  547,  551. 
western  New  York,  841. 

Water  supply  of  Brooklyn  borough, 
area,  minimum  fiow  and  eleva- 
tion of  original  ponds,  GST ; how 
collected,  G83 ; driven  wells,  G90 ; 
historical,  G81 ; private  companies, 
G82 ; Ridgewood  system,  681 ; 
sources,  G)83 ; statistics  of  original, 
686 ; theory,  685-86. 

Water  supply  of  Greater  New  York, 
advantages  of,  from  Hudson  river, 
696;  Borough  of  Brooklyn,  678; 
Borough  of  Queens,  678;  Borough 
of  Richmond,  678 ; Bronx  and 
Byram  rivers,  677 ; cost  from 
Hudson  river,  696 ; daily  con- 
sumption, 375 ; gravity  and  pump- 
ing, 678;  historical,  676;  Hudson 
river,  696 ; not  available  from 


New  Jersey,  695;  number  of 
municipal  and  private  plants, 
679 ; private  companies,  quantity 
furnished,  679 ; quantity  by 
gravity,  by  municipal  works,  680; 
quantity,  679 ; quantity  pumped 
by  municipal  works,  680;  relative 
quantity  of  surface  and  ground 
water,  679 ; i*eport  of  commis- 
sion, 707 ; sources,  400 ; sources 
enumerated,  694. 

Water  yield,  Honeoye  lake,  574 : 
Lake  George,  250 ; relation  to 
changes  in  agriculture,  34,  37 ; 
Schoharie  creek  in  comparison 
with  Canada  creeks.  East  and 
West,  511. 

AVatertown,  erected  a city,  225 ; 
origin  of  name,  225. 

Watson,  Elkanah,  721,  723,  728. 

Weed,  Smith  M.,  741. 

Weir,  Charles  G.,  717. 

West  Troy  Motor  Co.,  403. 

Westerman  and  Co.,  672. 

Western  Inland  Lock  Navigation 
Co.,  532,  722,  723,  724,  725,  726, 
729. 

Westinghouse  Electrical  and  Manu- 
facturing Co.,  654,  657. 

Weston,  Theodore,  687. 

Weston,  William,  725. 

Wheeler,  W.  H.,  427. 

Whipple,  George  C.,  844. 

White,  Canvass,  729. 

Whitridge,  F.  W.,  652. 

Whitney,  George  J.,  443. 

Wickes,  Edward  A.,  652,  655. 

Williams,  Elisha,  536,  537. 

Wisner,  George  Y.,  777. 

Witherbee,  Frank  S.,  796. 

Witmer,  John,  646. 

Woodhaven  Water  Supply  Co.,  679. 

Woodhull,  Caleb  S.,  647,  648. 

Wright,  Benjamin,  729. 

Young,  Samuel,  728. 
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THE  MINING  AND  QUARRY  INDUSTRY 

OF 

NEW  YORK  STATE 

REPORT  OF  OPERATIONS  AND  PRODUCTION  DURING 

1904 

PREFACE 

This  bulletin  is  intended  to  present  a summary  of  the  mineral 
resources  of  New  York  and  their  economic  development.  It  covers 
the  principal  facts  regarding  the  character,  occurrence  and  pro- 
duction of  the  useful  minerals,  with  brief  discussion  of  existing 
conditions  in  the  related  industries. 

In  many  departments  of  the  mineral  industry  a notably  increased 
activity  has  been  manifest  during  the  last  few  years,  and  to  meet 
the  requests  for  information  that  are  constantly  received  it  has 
seemed  advisable  to  undertake  a more  elaborate  investigation  than 
has  been  attempted  hitherto.  For  that  purpose  a statistical 
canvass  has  been  made  of  the  mines  and  quarries  throughout  the 
State.  The  data  incorporated  in  the  following  pages  are  based 
mainly  on  information  thus  obtained. 

Acknowledgment  for  assistance  is  due  to  those  engaged  in  mining 
and  quarry  enterprises ; the  requests  for  statistics  and  other  details 
of  operations  have  met  uniformly  a considerate  response  that  has 
greatly  facilitated  the  investigation. 

In  communicating  with  the  various  producers  use  has  been  made 
of  the  list  of  mineral  producers  compiled  in  1904  by  Dr  F.  J.  H. 
Merrill,  formerly  State  Geologist. 
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INTRODUCTION 

The  mineral  wealth  of  New  York  is  overshadowed  by  that  of 
some  states,  but  it  is  nevertheless  a great  natural  endowment. 
According  to  the  reports  of  the  Census  office  at  Washington,  New 
York  ranked  13th  in  1902  in  value  of  mineral  production.  The 
total  as  compiled  in  the  reports,  however,  does  not  take  into 
accormt  the  clay  products  (classed  as  mineral  manufactures),  the 
value  of  which  is  more  than  one  half  that  of  all  other  materials 
combined.  In  manufactures  based  on  substances  taken  from 
mines  and  quarries,  the  State  was  second  with  an  aggregate  of 
approximately  $500,000,000,  which  represented  23  per  cent  of  all 
its  manufactures  for  the  year. 

The  useful  minerals  that  are  produced,  numbering  over  20  in  all, 
are  derived  from  a great  number  of  localities  distributed  throughout 
different  sections.  Nearly  every  county  of  the  State  is  represented 
by  one  or  more  branches  of  the  industry.  Building  stones  and 
clays  are  naturally  the  most  abimdant  and  the  most  extensively 
exploited.  Of  the  former  all  the  principal  commercial  varieties 
occur,  including  many  stones  that  are  prized  for  monumental  and 
decorative  work.  Black,  red  and  green  roofing  slates  are  quarried 
in  Washington  county.  Cement  materials  of  high  excellence  occur 
in  inexhaustible  quantities.  In  the  manufacture  of  natural  hy- 
draulic cement  the  State  has  long  held  the  leading  position,  while 
the  Portland  cement  industry, which  has  had  a more  recent  origin, 
is  rapidly  assuming  prominence.  The  Adirondack  region  supplies 
most  of  the  crystalline  graphite  obtained  in  this  country ; its  garnet 
has  a wide  reputation  for  abrasive  purposes.  The  talc  deposits  of 
St  Lawrence  county  are  unique  for  size  and  quality  of  the  material 
yielded;  they  furnish  great  quantities  to  paper  manufacturers  in 
the  United  States,  besides  supporting  an  important  export  trade. 
Ulster  county  is  the  principal  source  of  millstones  of  American  make* 
The  salines  and  rock  salt  found  in  the  western  coimties  furnish 
about  one  third  of  the  domestic  salt  production.  The  establish- 
ment of  the  soda  industry  within  recent  years  has  been  due  to  the 
abundance  of  these  deposits  and  the  economy  with  which  they  can 
be  exploited.  Gypsum  has  been  quarried  in  the  central  and  western 
parts  of  the  State  for  many  years,  but  until  lately  the  material  was 
utilized  almost  solely  for  agricultural  purposes.  With  the  recog- 
nition of  its  adaptability  to  calcining,  a new  impetus  has  been  given 
to  quarrying  activity  and  an  increased  output  has  ensued.  All 
varieties  of  iron  ore  that  are  used  in  smelting  occur  in  New  York. 
The  Adirondacks  and  the  Hudson  Highlands  contain  numerous 
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deposits  of  magnetite;  the  Clinton  formation  extending  across  the 
central  and  western  counties  carries  hematite,  which  is  also  found 
in  the  crystalline  strata  of  St  Lawrence  county;  and  the  Hudson 
river  region  furnishes  limonite  and  carbonate  ores.  Pyrite,  a 
sulfid  of  iron  employed  for  making  sulfuric  acid,  is  mined  in  St 
Lawrence  county.  The  mineral  springs  of  the  State  deserve 
mention  for  their  varied  character  and  economic  importance.  In 
addition  to  the  revenue  obtained  from  tourists  and  health  seekers, 
the  waters  are  shipped  in  large  quantities  to  every  part  of  the 
country.  The  absence  of  workable  coal  seams  from  the  New  York 
geologic  series  is  noteworthy,  inasmuch  as  the  great  coal  fields  of 
Pennsylvania  begin  but  a few  miles  south  of  the  state  line.  The 
other  mineral  fuels,  gas  and  petroleum,  are  represented,  the  former 
being  found  over  a wide  area.  Among  the  remaining  mineral 
substances  that  are  produced  to  a greater  or  less  extent  are  feldspar, 
vein  quartz,  glass  sand,  infusorial  earth,  metallic  paint,  slate 
pigment,  sienna,  lead  and  zinc  ore  and  carbon  dioxid. 

The  accompanying  table  gives  the  mineral  production  of  New 
York  for  the  year  1904.  The  aggregate  value  of  the  products  was 
$27,766,905.  There  were  approximately  10,000  workings  (mines, 
quarries  and  wells)  which  contributed  to  the  output.  Although 
the  conditions  in  some  branches  of  the  industry  were  not  such  as  to 
encourage  unusual  activity  on  the  part  of  the  producers,  the  results 
exhibited  by  the  returns  indicate  that  on  the  whole  substantial 
progress  was  made. 

Among  the  notable  features  of  the  year’s  record  was  an  increase 
of  about  80,000  tons  in  iron  ore  production  which  was  the  largest 
since  1892.  The  outlook  for  continued  growth  of  this  industry 
seems  encouraging.  For  the  last  few  years  the  resources  of  the 
State  have  been  exploited  on  a comparatively  small  scale  owing  to 
the  fact  that  the  ores  of  other  districts  were  more  favorably  situated 
with  regard  to  the  principal  markets  and  at  the  same  time  could  be 
more  cheaply  mined.  The  consumption  of  iron,  however,  is 
increasing  so  rapidly  in  this  country  that  the  time  can  not  be  far 
distant  when  additional  sources  of  ore  supply  must  be  drawn  upon 
to  a large  extent.  The  Adirondack  magnetite  deposits  undoubtedly 
have  great  potential  value.  By  a simple  concentration  process,  as 
now  practised  by  the  mining  companies  in  this  region,  the  ores  can 
be  brought  to  a standard  above  the  average  obtained  in  most 
districts;  shipments  ranging  above  65  per  cent  in  iron  content  are 
being  made  to  Pennsylvania  furnaces.  Some  of  the  mines  yield 
low  phosphorus  ores  that  are  much  sought  for  by  Bessemer  steel 
manufacturers. 
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The  clay -working  industry  has  steadily  gained  in  importance. 
The  output  during  1904  was  valued  at  $11,504,704,  showing  a large 
increase  over  the  total  for  any  previous  year.  Building  materials 
(brick,  tile,  terra  cotta  and  fireproofing)  constituted  the  principal 
part  of  the  production.  The  Hudson  river  district  alone  reported 
an  output  of  brick  valued  at  $5,846,097.  The  manufacture  of  the 
finer  grades  of  pottery,  to  which,  hitherto,  little  attention  has  been 
given  in  this  State,  is  becoming  prominent.  The  porcelain  wares 
(electric  supplies  and  tableware)  made  in  1904  represented  a value 
of  nearly  $1,000,000. 

The  hydraulic  cement  industry  was  influenced  adversely  by  the 
depressed  state  of  the  trade.  Throughout  the  year  the  market  for 
both  Portland  and  natural  rock  cement  ruled  so  low  that  there  was 
little  profit  in  their  manufacture,  and  some  companies  preferred  to 
close  down  their  plants  than  to  sell  at  the  prevailing  prices.  The 
output  of  3,258,932  barrels  represented  a reduction  of  about  25 
per  cent  from  the  total  for  1903. 

The  quarrying  of  building  stone  was  also  less  active,  due  to  the 
smaller  demand  for  the  material  in  the  larger  cities.  The  value  of 
the  stone  products,  exclusive  of  slate  and  limestone  used  in  making 
cement,  aggregated  $5,124,251.  While  the  quarrying  industry  is 
extensive  there  is  still  room  for  expansion,  particularly  for  the 
granites  and  marbles,  the  output  of  which  represents  a small  pro- 
portion of  the  quantity  used  annually  in  the  State. 

In  salt  manufacture  the  high  rate  of  production  that  has  been 
maintained  for  the  last  few  years  was  continued  during  1904.  The 
total  of  8,724,768  barrels  or  1,221,467  short  tons,  was  rather  above 
the  average  yield,  although  it  was  curtailed  to  some  extent  by  the 
small  output  of  the  plants  making  solar  salt  which  experienced  an 
unusually  poor  season.  A considerable  proportion  of  the  salt 
production  was  converted  into  soda. 

The  combined  value  of  the  petroleum  and  natural  gas  produced 
during  the  year  was  $2,261,967.  There  were  no  unusual  develop- 
ments in  the  oil  fields,  and  the  output  which  amounted  to  1,036,179 
barrels  was  about  the  same  as  in  1903.  The  production  of  natural 
gas  showed  a moderate  increase  contributed  mostly  by  wells  in 
Erie  county.  At  the  average  value  reported  of  23  cents  per  1000 
cubic  feet  the  total  quantity  of  natural  gas  produced  was  2,399,- 
987,000  cubic  feet,  approximately  equivalent  for  heating  purposes 
to  120,000  tons  of  coal. 

Mineral  waters  with  an  output  valued  at  $1,600,000,  ranked  well 
up  in  the  list  of  products.  An  important  branch  of  the  industry 
that  has  been  developed  in  New  York  is  the  recovery  of  carbon 
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dioxid  for  use  in  carbonating  artificial  waters.  The  gas  occurs 
abundantly  at  Saratoga  Springs  where  several  companies  are 
engaged  in  its  production.  It  is  liquefied  under  pressure  and  stored 
in  steel  cylinders  for  transport  to  the  consumers.  The  shipments  in 
1904  amounted  approximately  to  4,000,000  pounds  valued  at 
$300,000. 

Mineral  production  of  New  York  in  1904 


PRODUCT 


UNIT  OF 
MEASUREMENT 


QUANTITY 


VALUE 


Portland  cement.  . . . 
Natural  rock  cement 

Building  brick 

Pottery 

Other  clay  products. 

Crude  clay 

Emery 

Feldspar  and  quartz. 

Garnet 

Glass  sand 

Graphite 

Gypsum 

Iron  ore 

Millstones 

Metallic  paint 

Slate  pigment 

Mineral  waters 

Natural  gas 

Petroleum 

Pyrite 

Salt 

Roofing  slate 

Slate  manufactures . . 

Granite 

Limestone 

Marble 

Sandstone 

Trap 

Talc 


Barrels. . . . 
Barrels. . . . 
Thousands 


Short  tons . 
Short  tons . 
Long  tons . , 
Short  tons . 
Short  tons . 

Pounds 

Short  tons . 
Long  tons. , 


Short  tons 

Short  tons 

Gallons 

1000  cubic  feet . 

Barrels 

Long  tons 

Barrels 

Squares 


Short  tons 


I 377  302 
I 881  630 
I 293  538 


8 

959 

I 

148 

8 

703 

3 

045 

1 1 

080 

3 

132 

927 

151 

455 

619 

103 

4 

740 

8 

3 

132 

000 

000 

2 

399  987 

I 

036 

179 

5 

275 

8 

724 

768 

18 

090 

65  000 


$i  245  778 
I 207  883 
7 473  122 

1 438  634 

2 592  948 

17  164 
17  220 
28  463 

104  32S 
8 484 

119  509 
424  975 
I 328  894 
21  476 
55  768 
23  876 

I 600  000 

552  197 

1 709  770 

20  820 

2 102  748 

86  159 
7 441 
221  882 
2 058  405 

478  771 

I 896  697 
468  496 
455  000 


Total  value 


$27  766  90S 


CEMENT 

Hydraulic  cement  has  been  manufactured  in  New  York  for 
many  years.  Natural  rock  cement  was  made  in  Ulster  county 
as  early  as  1826,  the  product  having  been  used  in  the  construction 
of  the  Delaware  and  Hudson  canal.  The  waterlimes  of  central 
New’ York  are  said  to  have  been  discovered  before  1820,  but  the 
industry  was  not  firmly  established  here  till  later.  In  1828 
the  first  plant  was  erected  at  Rosendale,  a locality  that  soon 
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gained  wide  prominence  for  the  quality  of  its  cement.  By  1840 
the  production  of  Rosendale  and  vicinity  amounted  to  600,000 
barrels  annually,  and  for  a long  time  the  district  has  been  the 
largest  center  of  natural  cement  manufacture  in  this  country. 
According  to  F.  H.  Lewis,*  the  output  in  1897  was  approximately 
3,500,000  barrels  or  42%  of  the  total  reported  for  the  United 
States  in  that  year.  The  natural  rock  of  Erie  county  was  first 
used  in  1839  when  a mill  was  built  at  Akron.  In  1870  a plant 
was  erected  at  Howes  Cave,  and  in  1874  at  Buffalo. 

The  manufactureTof  Portland  cement  has  been  a development 
of  the  last  25  years.  i^Its’y growth  at  first  was  retarded,  no  doubt, 
by  the  naturah^cement  industry  which  commanded  an  extensive 
market,  but  recently  it  has  made  rapid  progress.  Portland  cement 
was  manufactured  in  1881  by  the  Wallkill  Portland  Cement  Co. 
near  South  Rondout,  the  first  plant  (other  than  experimental)  to 
be  erected  in  the  State.  The  Empire  Portland  Cement  Co.  began 
operations  at  Warner  in  1886  and  has  been  active  almost  con- 
tinuously since  that  time.  Among  other  localities  which  were 
early  identified  with^the  industry  are  Wayland,  Glens  Falls  and 
Montezuma. 

Crude  materials  adapted  for  cement  manufacture  are  quite  widely 
distributed  in  New  York,  and  are  found  at  various  geologic  hor- 
izons. In  the  Rosendale  district  the  natural  cement  rock  occurs  in 
the  Cayugan  series.  Its  thickness  at  Rondout  is  over  30  feet. 
The  rock  is  an  impure  magnesian  limestone,  containing  20% 
or  more  of  silica  and  alumina  and  15  to  25%  of  magnesia.  In 
the  central  and  western  parts  of  the  State,  the  cement  beds  are 
mostly  of  Salina  age.  At  Buffalo  and  Akron  they  measure  seven 
or  eight  feet  thick. 

For  Portland  cement  the  materials  used  include  limestones, 
marls,  clays  and  shale.  At  one  or  two  localities,  limestone  has 
been  found  that  can  be  ground  and  burned  directly,  yielding 
a “natural  Portland”  cement,  but  generally  a mixture  of  two 
materials  is  necessary  to  secure  the  proper  chemical  composition. 
The  greater  number  of  plants  in  the  State  employ  a mixture  of 
limestone  and  clay.  The  limestones  are  from  the  Trenton,  Helder- 
berg  and  Tully  formations,  while  the  clays  belong  to  the  Quaternary. 
A single  plant  owned  by  the  Cayuga  Cement  Co.  of  Ithaca,  employs 
shale  from  the  Hamilton  series  in  place  of  clay.  A mixture  of 
Quaternary  marls  and  clays  is  used  by  four  companies. 

The  production  of  cement  is  carried  on  at  present  in  10  coimties 
of  the  State:  Columbia,  Erie,  Greene,  Livingston,  Onondaga, 
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Schoharie,  Steuben,  Tompkins,  Ulster  and  Warren.  Of  these 
Onondaga  county  contains  the  largest  number  of  plants,  having 
seven  in  operation  last  year,  besides  two  that  were  idle.  Four 
companies  produced  cement  in  Erie  county,  three  in  Ulster  county, 
two  in  Greene  and  Steuben,  and  one  each  in  the  remaining  counties 
of  the  list.  Erie  and  Onondaga  counties  make  both  Portland 
and  natural  cements,  but  most  of  their  product  is  of  the  latter 
variety.  In  Ulster  county  only  natural  cement  is  made. 

Production  and  trade  in  1904 

The  total  output  of  cement  last  year  was  3,258,932  barrels, 
valued  at  $2,453,661.  Separated  as  to  variety  the  total  repre- 
sents 1,377,302  barrels  of  Portland  valued  at  $1,245,778,  and 
1,881,630  barrels  of  natural  rock  cement  valued  at  $1,207,883. 
There  were  23  companies  in  operation  during  the  year.  The  follow- 
ing table  shows  the  output  distributed  according  to  the  localities 
in  which  it  was  made.  Where  the  number  of  producers  was  less 
than  three,  the  output  has  been  combined  with  that  of  other 
localities  so  as  not  to  reveal  the  figures  of  individual  companies. 


Production  of  cement  in  1904 


LOCALITY 

PORTLAND  CEMENT 

NATURAL  HYDRAULIC 
CEMENT 

Barrels 

Value 

Barrels 

Value 

Erie  county 

332  781 

$149  112 

Onondaga  “ 

a 

a 

96  333 

47  010 

Ulster  “ 

a 

a 

c 452  516 

I on  761 

Greene  “ 

b 617  575 

$545  782 

Other  localities 

759  727 

699  996 

Total 

I 377  302 

$i  245  778 

I 881  630 

$i  207  883 

a Included  in  other  localities;  b includes  Columbia  county;  c includes  Schoharie  county. 

The  output  of  Portland  cement  which  was  reported  by  10  com- 
panies (one  company  produced  both  Portland  and  natural  rock 
cement)  was  somewhat  smaller  than  in  1903.  The  decrease  may 
be  traced  to  the  unfavorable  state  of  the  market,  as  there  was 
no  falling  off  in  the  capacity  of  the  works.  Throughout  the  entire 
year  the  prices  for  both  Portland  and  natural  rock  cements  ruled 
so  low  that  there  was  little  profit  for  manufacturers.  In  fact, 
some  of  the  companies  preferred  to  close  down  their  plants  rather 
than  to  sell  their  product  at  the  current  quotations,  and  others 
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Operated  on  a reduced  scale.  The  depressed  condition  of  the  trade 
was  due  to  the  largely  increased  output  of  the  previous  year  in 
nearly  every  section  of  the  country.  Owing  to  a temporary 
decline  in  the  demand,  which  recently  has  grown  very  rapidly, 
many  of  the  companies  entered  on  the  year  with  large  stocks, 
causing  an  oversupply  that  could  not  be  disposed  of  except  at 
reduced  prices.  With  the  removal  of  this  surplus  from  the  market, 
it  is  expected  that  the  prices  will  reach  a more  normal  level  when 
the  manufacture  can  be  profitably ' continued. 

The  quantity  of  natural  rock  cement  reported  represents  a 
decline  of  nearly  one  third  from  that  of  the  previous  year.  The 
decrease  was  most  noticeable  in  the  Rosendale  district,  but  it 
was  also  distributed  among  the  other  works.  There  were  14 
companies  engaged  in  this  branch  of  the  industry. 

The  list  of  cement  producers  in  1904  is  as  follows: 


Portland  cement 


NAME 

Alsen’s  American  Portland  Cement  Works 
Catskill  Cement  Co. 

Cayuga  Lake  Cement  Co. 

Empire  Portland  Cement  Co. 

Glens  Falls  Portland  Cement  Co. 
Helderberg  Portland  Cement  Co. 

Hudson  Portland  Cement  Co. 

Iroquois  Portland  Cement  Co. 

Thomas  Millen  Co. 

Wayland  Portland  Cement  Co. 


Natural  rock  cement 

NAME 

Akron  Cement  Works 
E.  B.  Alvord  Co. 

Bangs  & Gaynor 
James  Behan  Cement  Works 
Consolidated  Rosendale  Cement  Co. 
Cummings  Cement  Co. 

Buffalo  Cement  Co. 

Helderberg  Portland  Cement  Co. 

H.  L.  & W.  C.  Newman 

Newark  Lime  & Cement  Manufacturing  Co. 

New  York  Cement  Co. 

Potter-Brown  Cement  Works 
Thomas  W.  Sheedy 
Spencer  & McCarthy 


LOCATION  OF  OFFICE 

Alsen 

Smith’s  Landing 

Ithaca 

Warner 

Glens  Falls 

Albany 

Hudson 

Caledonia 

Wayland 

Wayland 

LOCATION  OF  OFFICE 

Buffalo 

Jamesville 

Fayetteville 

Manlius 

Rondout 

Akron 

Buffalo 

Albany 

Akron 

New  York  city 
Rosendale 
Manlius 
Fayetteville 
Jamesville  - 
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The  Cummings  Cement  Co.,  which  is  listed  among  the  manufac- 
turers of  natural  rock  cement,  has  been  a producer  also  of  Portland 
cement  though  it  made  no  output  of  that  material  last  year. 
The  Helderberg  Portland  Cement  Co.  produces  both  kinds.  The 
firm  of  Spencer  & McCarthy  was  succeeded  on  April  i,  1904,  by 
the  Jamesville  Milling  Co.  The  Empire,  Hudson  and  Glens  Falls 
Portland  cement  plants  w’ere  operated  for  a part  of  the  year  only. 

CLAY 

The  manufacture  of  brick  and  other  clay  products  is  the  most 
important  branch  of  the  mineral  industry  in  New  York.  Clay 
deposits  suitable  for  making  the  common  wares  are  distributed 
throughout  every  section  in  practically  inexhaustible  quantities 
The  rapidly  growing  market  for  these  products  has  led  to  the 
establishment  of  numerous  manufacturing  plants  in  recent  years, 
so  that  now  there  is  scarcely  an  industrial  center  of  any  size  in 
which  they  are  not  produced.  This  is  particularly  true  with 
regard  to  the  manufacture  of  building  materials,  which  are  being 
employed  more  and  more  widely  as  an  element  in  permanent 
construction.  Owing  to  their  cheapness,  durability  and  the 
convenience  with  which  they  can  be  adapted  to  meet  the  varied 
architectural  requirements,  the  use  of  these  materials  will  doubtless 
continue  to  expand  for  a long  time  to  come. 

The  manufacture  of  the  finer  grades  of  clay  wares  has  not  de- 
veloped so  rapidly  as  the  other  lines.  In  contrast  with  most 
of  the  states  along  the  Atlantic  seaboard.  New  York  possesses 
almost  no  deposits  of  kaolin  in  quantity  to  be  of  economic  value. 
This  fact  has  retarded,  hitherto,  the  establishment  of  industries 
in  which  kaolin  is  employed,  but,  with  improved  facilities  of 
transport,  the  deficiency  has  become  less  formidable  to  local 
manufacturers.  There  are  now  several  plants  in  the  State  making 
tableware,  electrical  supplies  and  other  porcelain  and  semipor- 
celain wares. 

The  distribution  of  clays  in  New  York  as  well  as  their  character, 
uses  and  industrial  development  has  been  exhaustively  described 
in  a report  by  Heinrich  Ries\  to  which  the  reader  is  referred  for 
fuller  details.  The  most  valuable  deposits  now  under  exploi- 
tation are  those  situated  along  the  Hudson  valley.  They  are 
particularly  adapted  for  the  manufacture  of  brick,  of  which  great 
numbers  are  consumed  in  New  York  city.  According  to  Dr  Ries, 
the  deposits  belong  to  two  types:  (i)  estuary  deposits  of  strati- 


iN.  Y.  State  Mus.  Bui.  35.  1900. 


9i8 


NEW  YORK  STATE  MUSEUM 


fied  sand,  blue  and  yellow  clay,  and  (2)  cross-bedded  delta  deposits 
composed  of  much  coarser  materials  than  those  of  the  first  class. 
The  clays  are  normally  blue,  but  commonly  show  weathering 
on  the  surface  when  they  change  to  yellow.  With  the  alternating 
layers  of  sand,  they  form  terraces  that  extend  along  either  shore 
of  the  river  at  altitudes  ranging  up  to  over  300  feet.  The  work- 
able beds  attain  a thickness  of  100  feet  or  more.  Some  of  the  more 
prominent  localities  where  these  clays  are  utilized  for  brickmaking 
are  Haverstraw,  Croton,  Stony  Point,  Verplanck,  Peekskill,  Corn- 
wall, New  Windsor,  Dutchess  Junction,  Fishkill,  Roseton,  Pough- 
keepsie, Kingston,  Saugerties,  Catskill,  Hudson  and  Albany. 
The  product  of  this  region  is  confined  to  the  common  grades  of 
building  brick. 

The  northern  and  central  portions  of  Long  Island  contain 
Cretaceous  clays,  some  of  which  are  adapted  for  stoneware  and 
coarser  pottery.  Brick  clays  occur  abundantly,  and  are  worked 
at  Garden  City,  East  Williston,  Farmingdale,  Port  Jefferson, 
Southold  and  Greenport.  The  manufacture  of  pottery  is  carried 
on  by  several  firms  in  Brooklyn,  but  most  of  the  materials  used 
in  the  better  wares  are  derived  from  without  the  State. 

The  clays  of  Staten  Island  are  important  and  of  varied  quality^ 
Some  of  the  purer  grades  approach  kaolin  in  composition  and  have 
a white  color.  They  have  been  emplo)^ed  largely  in  making  terra 
cotta.  A plant  for  the  manufacture  of  this  material  is  located 
at  Totten ville.  Fire  brick  and  pressed  brick  are  produced  at 
Kreischerville  and  common  brick  at  Green  Ridge. 

In  the  interior  of  the  State  clay  deposits  are  quite  uniformly 
distributed,  but  their  economic  utilization  is  confined  mostly 
to  the  vicinity  of  the  larger  towns.  They  are  nearly  all  of  glacial 
origin,  though  more  or  less  modified  by  sedimentary  processes. 
They  occur  in  basin-shaped  beds  that  range  up  to  50  feet  or  more 
in  thickness.  In  the  western  counties  the  principal  centers  of  clay 
working  are  Rochester  and  Buffalo,  both  cities  drawing  their 
supplies  of  building  brick  from  local  plants.  The  manufacture 
of  pottery,  building  tile,  fire  brick,  sewer  pipe  and  draintile  is 
also  carried  on  here.  Roofing  tile  of  excellent  quality  is  made  at 
Alfred,  Allegany  Co.  The  largest  potteries  in  the  State  are  located 
at  Syracuse;  their  products  include  earthenware,  china  and 
electrical  supplies.  Besides  common  brick,  for  which  an  extensive 
local  market  exists,  the  city  is  an  important  producer  of  paving 
brick. 
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Along  the  Mohawk  valley  the  clay  deposits  are  exploited  for 
building  brick,  while  at  Troy  considerable  quantities  of  fire  brick 
and  stove  lining  are  also  made. 

Throughout  the  central  and  southern  counties  of  the  State,’ 
the  Devonian  strata  covering  this  section  include  frequent  beds 
of  shale,  much  of  which  is  quite  argillaceous  and  can  be  used  for 
the  same  purposes  as  clay.  Up  to  the  present  time  they  have  been 
little  developed,  though  their  value  has  been  satisfactorily  de- 
monstrated by  the  results  obtained  in  their  practical  application. 
Among  the  products  that  have  been  made  from  this  material 
are  building  and  paving  brick,  terra  cotta,  roofing  tile,  fireproof- 
ing and  sewer  pipe. 

Production  of  clay  materials 

The  statistics  set  forth  in  the  following  pages  have  been  com- 
piled from  returns  made  by  the  various  producers  of  clay  materials 
for  the  year  1904.  It  is  believed  that  they  are  complete  and  accu- 
rate, as  reports  have  been  received  from  nearly  every  manufacturer 
in  the  State. 

The  total  value  of  the  various  clay  materials  manufactured  in 
New  York  last  year  amounted  to  $11,504,704.  This  total  is 
imdoubtedly  a record  one,  largely  exceeding  that  of  any  previous 
year.  It  represents  the  combined  output  of  245  plants  scattered 
over  43  coimties  of  the  State.  More  than  one  half  of  the  product 
in  value  consisted  of  common  building  brick,  which  aggregated 
$7,234,876.  Front  brick  and  fancy  building  brick  accounted 
for  only  $238,246  of  the  total,  and  vitrified  paving  brick  for  $210,707  ; 
both  being  exceeded  by  the  output  of  fire  brick  and  stovelining, 
which  was  valued  at  $506,800.  The  manufacture  of  draintile 
reached  a total  of  $149,864,  and  sewer  pipe  a total  of  $460,000. 
The  product  of  terra  cotta  was  valued  at  $79*8,028;  fireproofing 
at  $157,119,  and  building  tile  at  $206,503.  In  addition  there  were 
produced  miscellaneous  products,  including  flue  lining,  fire  tile 
and  shapes,  conduit  pipes,  sidewalk  brick  and  acid-proof  brick, 
the  collected  value  of  which  was  $103,927.  The  potteries  of  the 
State  reported  an  output  valued  at  $1,438,634. 
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Production  of  clay  materials  in  1904 


Material 

Number 

Value 

Common  brick 

I 27s  859  000 
17  679  000 
16  351  000 

$7  234  876 
238  246 
210  707 
506  800 
149  864 
460  000 
798  028 

157  119 

206  503 
103  927 
I 438  634 

Front  brick 

Vitrified  paving  brick 

Fire  brick  and  stove  lining 

Draintile 

Sewer  pipe 

Terra  cotta 

Fireproofing 

Building  tile 

Miscellaneous 

Pottery 

Total 

$ii  504  704 

The  distribution  of  the  products  according  to  counties  shows 
that  Rockland  county  has  the  most  extensive  clay-working  in- 
dustry. The  value  of  its  output  last  year  was  $1,422,436,  re- 
ported by  34  plants.  Its  importance  is  due  to  the  extensive 
manufacture  of  common  building  brick,  which  are  supplied  to 
the  New  York  city  market.  This  statement  may  be  applied  also 
to  Ulster  county,  which  ranks  second  with  a total  of  $1,274,284, 
and  to  Dutchess  county,  which  is  third  with  a total  of  $932,907. 
On  the  other  hand,  Onondaga  county  standing  fourth  in  the  list, 
with  an  output  valued  at  $916,954,  is  chiefly  represented  by  pot- 
tery, while  brickmaking  is  very  subordinate.  The  other  counties 
that  reported  a production  of  over  $500,000  in  value  are  Orange 
($690,064),  Monroe  ($658,058),  Albany  ($648,973),  Erie  ($647,334) 
and  Kings  county  ($539,288).  The  following  table  shows  the 
value  of  all  kinds  of  clay  products  made  in  the  different  coimties  of 
the  State. 

Production  of  clay  materials  by  counties 


County 


Albany 

Allegany 

Broome 

Cayuga 

Chautauqua 
Chemung . . . 

tlinton 

Columbia . . . 
Dutchess . . . 
Erie 


Total  value 


County 


Total  value 


$648  973 

127  552 

22  000 
24  520 

83  405 

96  300 
5 000 
420  500 
932  907 
647  334 


Fulton  . . . 
Greene  . . . 
Jefferson  . 
Kings .... 
Madison. . 
Monroe  . . 
Nassau. . . 
Niagara. . 
Oneida. . . 
Onondaga 


4 000 
232  924 
30  467 
539  288 
16  400 
658  058 
52  644 
16  892 
145  880 

916  954 
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Production  of  clay  materials  by  counties  {concluded) 


County 


Total  value 


County 


Total  value 


Ontario . . , 
Orange  . . . 
Rensselaer 
Richmond 
Rockland  . 
Saratoga. . 
Seneca. . . . 


$245  743 
690  064 

257  751 

488  873 
I 422  436 

331  360 
19  175 


Steuben 

Suffolk 

Tompkins 

Ulster 

Washington 

Westchester 

Other  counties  a. . . 


$176  613 
86  1 12 

17  715 

I 274  284 
15  755 
354  705 
502  120 


Total 


$11  '504  704 


a Includes  the  following:  Genesee,  Lewis,  Montgomery,  New  York,  Queens,  St  Lawrence 

Schenectady,, Warren,  Wayne  and  Wyoming. 

The  manufacture  of  building  brick 

The  total  number  of  common  and  front  brick  used  for  build- 
ing purposes  made  in  1904,  amounted  to  1,293,538,000  valued 
at  $7,473,122.  Of  this  quantity,  1,275,859,000  valued  at 
$7,234,876  were  common  brick,  and  17,679,000  valued  at  $238,246 
were  front  brick.  The  manufacture  of  these  materials  was  carried 
on  in  37  counties,  with  a total  of  187  plants.  The  average  price 
received  for  common  brick  throughout  the  State  was  $5.67  a 
thousand,  and  for  front  brick  $13.48  a thousand.  For  common 
brick  the  prices  ranged  from  $8  a thousand,  the  average  reported 
by  plants  in  Steuben  county,  to  $4,  the  average  for  Montgomery 
county. 

Production  of  building  brick  in  1904 


COUNTY 

COMMON 

BRICK 

FRONT 

BRICK 

Number 

Value 

Number 

Value 

Albany 

78  500  000 

$462  973 

Allegany 

I 516  000 

9 098 

Broome 

4 000  000 

22  000 

Cayuga 

3 320  000 

20  920 

i . • 

Chautauqua 

6 619  000 

y 

39  539 

Chemung 

15  500  000 

95  000 

Clinton 

1 000  000 

5 000 

Columbia 

73  280  000 

420  500 

Dutchess 

167  299  000 

932  707 

20  000 

$200 

Erie 

62  286  000 

292  448 

3 750  000 

32  250 

Greene 

38  051  000 

232  924 

J efferson 

4 577  000 

30  467 

Madison 

400  000 

2 400 
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Production  of  building  brick  in  1904  {concluded) 


COUNTY 

COMMON 

BRICK 

FRONT  BRICK 

Number 

Value 

Number 

Value 

Monroe 

22  394  000 

$129  030 

Nassau 

7 600  000 

47  644 

Niagara 

2 852  000 

16  892 

Oneida 

18  880  000 

85  880 

Onondaga 

20  750  000 

120  017 

Soo  000 

$5  000 

Ontario 

2 618  000 

15  738 

7 100  000 

77  900 

Orange 

12 1 803  000 

690  064 

Rensselaer 

17  232  000 

85  964 

Richmond 

2 809  000 

86  146 

Rockland 

239  813  000 

I 422  436 

St  Lawrence 

600  000 

3 000 

Saratoga 

58  070  000 

284  561 

Seneca 

2 025  000 

10  175 

Steuben 

4 485  000 

35  858 

Suffolk 

‘15  050  000 

83  1 12 

Tompkins 

2 720  000 

16  340 

Ulster 

219  106  000 

I 274  284 

W arren 

5 724  000 

28  625 

Washington 

I 275  000 

7 000 

Westchester 

51  234  000 

287  295 

3 500  000 

36  750 

Other  counties  a.  . 

5 280  000 

24  979 

Total 

I 275  859  000 

$7  234  876 

17  679  000 

$238  246 

a Includes  Fulton,  Lewis,  Montgomery  and  Wayne  counties. 


Hudson  river  region.  The  counties  along  the  Hudson  river 
are  the  largest  producers  of  building  brick  in  the  State.  Owing 
to  the  extensive  market  afforded  by  New  York  city  and  the  low 
costs  of  transport  by  river,  the  industry  in  this  section  is  excep- 
tionally situated  so  far  as  commercial  conditions  are  concerned. 
There  is  probably  no  other  region  in  the  world  where  the  manufac- 
ture of  brick  has  attained  to  similar  proportions.  The  coimties 
included  in  this  region  are  Rensselaer,  Albany,  Columbia,  Greene, 
Ulster,  Dutchess,  Orange,  Rockland  and  Westchester.  With  the 
exception  of  Albany  and  Rensselaer,  which  probably  consume 
the  greater  part  of  the  local  product,  their  output  is  marketed 
almost  entirely  in  New  York  city. 

During  1904  the  number  of  brick  made  was  1,009,838,000, 
valued  at  $5,846,097.  This  total  represents  about  78%  of  the 
whole  product  of  the  State.  There  were  no  companies  reporting 
as  active,  of  which  Rockland  county  was  represented  by  the 
largest  number,  34,  while  Ulster  was  second  on  the  list,  with  21, 
and  Dutchess  third,  with  17.  The  average  number  of  brick  made 
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in  each  plant  was  9,180,000.  The  price  reported  for  the  whole 
district  averaged  $5.79  per  thousand.  Two  companies,  Ryan 
& McFarren  of  New  Windsor,  and  Coyne  & Tanney  of  Haverstraw, 
reported  an  output  for  the  first  time  in  1904. 


Output  of  brick  in  the  Hudson  river  region 


County 

Number 

of 

plants 

Output 

Value 

Average 
price 
per  M. 

Albany 

8 

78  500  000 

$462  973 

$5  90 

Columbia 

4 

73  280  000 

420  500 

5 74 

Dutchess 

17 

167  319  000 

932  907 

5 58 

Greene 

4 

38  051  000 

232  924 

6 12 

Orange 

9 

121  803  000 

690  064 

5 67 

Rensselaer 

6 

17  232  000 

85  964 

4 98 

Rockland 

34 

239  813  000 

I 422  436 

5 93 

Ulster 

21 

219  106  000 

I 274  284 

5 82 

Westchester 

7 

54  734  000 

324  045 

5 92 

Total 

1 10 

I 009  838  000 

$5  846  097 

$5  79 

Other  clay  materials 

The  manufacture  of  paving  brick  was  carried  on  in  Chautauqua, 
Onondaga,  Rensselaer,  Saratoga,  Steuben  and  Tompkins  counties. 
There  were  eight  companies  engaged  in  the  business,  and  the  number 
of  brick  made  was  16,351,000,  valued  at  $210,707. 

Fire  brick  and  stove  lining  were  manufactured  in  Albany, 
Chautauqua,  Erie,  Kings,  Monroe,  Oneida,  Rensselaer,  Richmond, 
Steuben  and  Westchester  counties.  The  value  of  the  output 
amounted  to  $506,800,  reported  by  14  companies. 

Draintile  and  sewer  pipe  were  manufactured  by  27  companies 
located  in  Allegany,  Cayuga,  Chautauqua,  Chemung,  Erie,  Genesee^ 
Kings,  Madison,  Monroe,  Onondaga,  Ontario,  Saratoga,  Seneca, 
Steuben  and  Tompkins  counties.  The  draintile  output  was 
valued  at  $149,864,  and  that  of  sewer  pipe  at  $460,000. 

Terra  cotta,  fireproofing  and  building  tile  were  produced  in 
Albany,  Allegany,  Erie,  Genesee,  Kings,  Monroe,  New  York, 
Onondaga,  Queens,  Rensselaer,  Richmond  and  Steuben  counties, 
by  a total  of  16  companies.  The  value  of  the  production  was: 
terra  cotta,  $798,028 ; fireproofing,  $157,119 ; building  tile,  $206,503. 

Pottery 

The  grades  of  pottery  made  in  New  York  range  from  common 
earthenware  to  porcelain.  Formerly  there  was  little  of  the  finer 


924 


NEW  YORK  STATE  MUSEUM 


wares  produced  in  the  State,  due  undoubtedly  to  the  lack  of  suit- 
able raw  materials  This  disadvantage  is  offset,  to  some  extent 
at  least,  by  better  market  facilities  than  can  be  had  in  most 
sections  of  the  coimtry,  and  with  low  transport  rates  local  manufac- 
turers are  not  seriously  handicapped  in  the  competition  for  trade. 
The  industry  is  still  a small  one,  but  it  seems  to  be  placed  on  a 
permanent  basis. 

The  following  table  shows  the  production  of  the  various  articles 
of  pottery  for  1904.  In  case  the  output  of  any  particular  ware 
was  reported  by  only  one  or  two  producers,  it  has  been  grouped 
with  that  of  other  wares,  so  as  not  to  reveal  the  individual  figure. 


Production  of  pottery  in  1904 


Ware 

Number  of 
producers 

Value  of 
product 

Stoneware 

5 

$77  726 
44  990 
740  000 
490  095 
85  823 

Red  earthenware 

•7 

Porcelain  and  semiporcelain  0 

Electric  and  sanitary  supplies 

0 

6 

Aliscellaneous 

9 

Total 

30 

$i  438  634 

a Includes  china  tableware. 

The  miscellaneous  products  not  separately  enumerated  include 
yellow  and  rockingham  wares,  clay  tobacco  pipes,  fire  clay  cru- 
cibles and  artistic  pottery. 

Altogether  12  counties  participated  in  the  production  which 
was  reported  by  22  companies.  Onondaga  county  was  the  largest 
manufacturer  of  pottery,  its  output  for  the  year  being  valued 
at  $673,590.  Kings  county  ranked  second  with  an  output  valued 
at  $279,009,  and  Erie  third  with  $200,300.  The  remaining  counties 
reporting  a production  were  Albany,  Madison,  Ontario,  Monroe, 
Nassau,  Oneida,  Schenectady,  Suffolk  and  Washington.  The  list 
of  manufacturers  includes  the  following: 


NAME 

Albany  City  Pottery 
Henry  Betz  & Bros. 
Buffalo  Pottery  Co. 
Charles  Kurth 
Empire  China  Works 


LOCATION  OF  OFFICE 

Albany 

Buffalo 

Buffalo 

Ridgewood  L.  I. 
Brooklyn 


PRODUCT 

Red  earthenware 
Red  earthenware 
Semiporcelain 
Tobacco  pipes 
Electric  supplies 
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Charles  Graham  Chemical 


Pottery  Works 

Brooklyn 

Stoneware  and  san- 
itary ware 

Greenpoint  Pottery 

Brooklyn 

Stoneware 

Gottlieb  Umbach 

Brooklyn 

Cooking  ware 

Union  Porcelain  Works 
Central  New  York  Pottery 

Brooklyn 

Stoneware  and  red 
earthenware 

Co. 

Chittenango 

Yellow  ware 

John  Schmidt 

Rochester 

Stoneware  and  red 
earthenware 

John  B.  Benkert 

Corona 

Stoneware  and  red 
earthenware 

White’s  Pottery  Inc. 

Utica 

Flemish  stoneware 

Onondaga  Pottery  Co. 

Syracuse 

China  ware 

Pass  & Seymour  Inc. 

Syracuse 

Electric  supplies 

Edward  Reagan 

Syracuse 

Tobacco  pipes 

Syracuse  Pottery  Co. 

Syracuse 

Red  earthenware 

George  Zimmerman 

Belle  Isle 

Red  earthenware 

Locke  Insulator  Mfg.  Co. 

Victor 

Electric  supplies 

Bellevue  Porcelain  Works 

Schenectady 

Electric  supplies  and 
crucibles 

T.  A.  Brouwer  jr 

Westhampton 

Art  pottery 

Hilfinger  Bros* 

Fort  Edward 

Crude  clay 

Stoneware  and  red 
earthenware 

In  the  foregoing  tables  relating  to  clay  products,  no  account  has 
been  taken  of  the  quantity  of  clay  entering  into  their  manufacture. 
There  are  a few  producers  in  the  State,  however,  who  do  not  utilize 
the  crude  clay  themselves,  but  ship  it  to  plants  in  other  localities. 
Some  of  the  material,  like  the  Albany  slip  clay,  is  even  forwarded 
to  points  without  the  State.  For  1904  returns  have  been  received 
from  eight  firms  engaged  in  this  industry  whose  total  shipments 
amounted  to  8959  tons,  valued  at  $17,164.  Of  this  quantity  3228 
tons  valued  at  $9630  consisted  of  slip  clay  and  the  remainder  of 
common  clay,  fire  clay  and  kaolin. 

EMERY 

Deposits  of  emery  are  found  in  Westchester  county,  southeast  of 
Peekskill.  The  mines,  which  were  first  opened  for  iron  ore,  occur 
along  the  contact  of  basic  igneous  intrusions  belonging  to  the  gabbro 
series.  They  are  mostly  shallow,  and  ordinary  quarrying  methods 
are  employed  in  extracting  the  material. 
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The  emery  is  composed  of  conmdum,  magnetite,  spinel  and  garnet 
in  varying  proportions.  The  product  is  groimd  and  made  into 
wheels,  for  which  purpose  it  is  said  to  give  good  satisfaction,  though 
inferior  to  imported  emery. 

The  production  of  emery  in  1904  amounted  to  1148  short  tons, 
valued  at  $17,220,  which  was  less  than  in  the  previous  year.  There 
were  four  concerns  engaged  in  active  mining:  the  Blue  Corundum 
Co.  of  Boston  Mass.,  the  Tanite  Co.  of  Stroudsburg  Pa.,  H.  M.  Quinn 
of^Philadelphia  Pa.,  and  J.  R.  Lancaster  of  Peekskill.  The  Hamp- 
den Conmdum  Wheel  Co.  of  Springfield  Mass.,  made  no  output 
last  year. 

FELDSPAR  AND  QUARTZ 

Feldspar  suitable  for  pottery  purposes  is  obtained  near  Bedford, 
Westchester  co.  It  occurs  in  the  pegmatite  dikes  intersecting  the 
crystalline  rocks  of  that  region  and  is  associated  with  quartz,  mica 
and  tourmalin.  In  some  of  the  dikes  the  feldspar  forms  large 
masses  or  crystals,  quite  free  from  impurities,  while  in  others  it  is 
intergrown  with  quartz;  only  the  former  occurrences,  however, 
have  commercial  value.  The  feldspar  belongs  to  the  variety  known 
as  orthoclase,  which  is  characterized  by  a high  potash  content.  It 
varies  from  dark  red  to  white  in  color.  The  chemical  composition 
is  shown  by  the  following  analysis:  SiO^,  65.85%;  AI2O3,  19.32%; 
FegOa,  .24%;  K2O  and  Na20,  14.1%;  CaO,  .56%;  MgO,  .08%. 
The  Bedford  quarries  have  been  worked  since  1878.  At  present 
the  only  producer  is  P.  H.  Kinkel  & Son.  The  output  is  shipped 
mostly  to  pottery  manufacturers  at  Trenton  N.  J.  A feldspar 
quarry  opened  near  Ticonderoga  in  1900  was  active  for  a time. 
The  deposit  is  said  to  range  from  10  to  40  feet  in  width  and  to  carry 
75%  feldspar,  20%  quartz  and  5 % mica. 

Vein  quartz  is  produced  near  Bedford  for  pottery  use  and  the 
manufacture  of  wood  filler  and  silicate  paint.  Its  occurrence  is 
similar  to  that  of  the  feldspar  already  described.  The  largest 
producer  is  the  Bridgeport  Wood  Finishing  Co.  of  New  Milford  Ct. 

GARNET 

The  production  of  garnet  for  abrasive  uses  is  a well  established 
industry  in  the  Adirondack  region.  The  excellence  of  the  product 
from  a commercial  standpoint  and  the  relatively  large  yield  ob- 
tained from  the  rocks  of  this  section  combine  to  give  the  quarries  a 
material  advantage  over  other  localities  where  garnet  has-been 
worked. 
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The  Adirondack  garnet  belongs  to  the  common  or  almandin 
variety.  It  is  found  associated  with  hornblende-feldspar  rocks  as 
crystals  that  range  from  small  size  up  to  masses  measuring  sev- 
eral feet  across.  The  rocks  show  great  variation  in  the  quantity 
of  garnet  present,  but  only  the  best  or  richest  portions  are  exploited. 
The  general  procedure  consists  in  breaking  down  the  rock,  crushing 
sufficiently  fine  to  release  the  garnet,  and  washing.  In  many  cases 
the  crystals  have  been  so  shattered  by  dynamic  forces  that  they 
readily  part  from  the  accompanying  rock  after  blasting.  Some 
difficulty  is  experienced  in  the  separation  of  the  garnet  mechanically 
owing  to  the  fact  that  its  specific  gravity  is  but  little  greater  than 
that  of  the  accompanying  hornblende.  A special  form  of  concen- 
trator introduced  by  the  North  Creek  Garnet  Co.  has  solved  this 
difficulty  very  successfully.  A product  is  made  which  carries  less 
than  5%  impurities. 

The  Adirondack  quarries  are  situated  in  the  Hudson  river  valley 
near  the  Essex-Warren  county  boundary.  North  Creek  is  the 
principal  point  of  shipment.  The  largest  operators  in  recent  years 
have  been  the  North  River  Garnet  Co.,  owning  quarries  a short 
distance  west  of  North  River,  and  H.  H.  Barton  & Son,  with  proper- 
ties on  Gore  mountain,  a prominent  peak  southwest  of  North  Creek. 
Other  concerns  have  been  active  at  various  times,  but  their  output 
has  been  small  and  intermittent. 

The  production  of  New  York  garnet  in  1904  amounted  to  3045 
short  tons  valued  at  $104,325,  about  the  same  quantity  as  in  the 
previous  year.  The  average  value  of  the  product  was  $34.25  a 
short  ton.  The  chief  demand  for  garnet  is  in  the  wood-working  and 
leather  industries. 

The  North  River  Garnet  Co.  has  a mill  under  course  of  erection 
on  Thirteenth  lake,  a few  miles  southwest  of  the  present  plant. 
The  latter  will  be  dismantled  and  operations  confined  to  the  new 
locality  as  soon  as  the  equipment  can  be  installed. 

GLASS  SAND  AND  MOLDING  SAND 

Deposits  of  sand  suitable  for  building  and  constructive  purposes 
occur  in  almost  every  section  of  the  State.  No  attempt  has  been 
made  to  canvass  the  industry  owing  to  the  difficulties  which  would 
attend  such  an  investigation.  The  value  of  the  material,  as  a rule, 
is  little  more  than  the  cost  of  excavation  and  transport  to  market. 

Glass  sand  is  found  in  great  abimdance  on  the  shores  of  Oneida 
lake  and  contiguous  territory.  The  principal  workings  have  been 
in  the  towns  of  Rome,  Verona,  Vienna,  Oneida  co.  and  Constantia, 
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Oswego  CO.  The  deposits  vary  from  6 inches  to  3 feet  in  thickness 
and  are  covered  by  a few  inches  of  soil.  After  sieving  and  washing 
the  sand  is  ready  for  market.  It  is  consumed  in  the  manufacture 
of  window  glass,  and  common  glassware,  and  nearly  all  of  the 
product  goes  to  points  within  the  State,  principally  to  Rochester, 
Ithaca,  Lockport,  Black  Rock,  Syracuse  and  Clyde.  An  analysis 
of  the  sand  from  West  Vienna  furnished  by  B.  Delahunt,  manager 
of  the  Oneida  Lake  Sand  Mine,  shows  its  composition  to  be  as 
follows:  SiOa,  98.6%;  FegOg,  .23%;  AI2O3,  .17%;  MgO,  trace. 

There  were  only  three  producers  that  reported  an  output  in  1904: 
F.  L.  Marsden  & Co.,  Bernhard’s  Bay;  J.  L.  Bentley,  Fish  Creek; 
and  the  Oneida  Lake  Sand  Mine,  Cleveland.  The  total  shown  by 
their  reports  was  11,080  short  tons,  valued  at  $8484.  According 
to  statistics  collected  by  Prof.  C.  H.  Smyth  jr,  the  output  in  1902 
was  approximately  8700  tons. 

Molding  sand  of  excellent  quality  is  supplied  from  the  Hudson 
river  valley.  In  Albany  county,  at  Delmar  and  Selkirk,  there 
are  large  deposits  which  yield  the  finest  grade  of  sand  for  the  manu- 
facture of  stove  and  other  castings  that  require  a smooth  finish. 
In  a recent  paper  by  F.  J.  H.  MerrilP,  it  is  stated  that  Albany  sand 
is  considered  so  superior  for  fine  work  that  shipments  are  made  to 
distant  points  at  an  expense  of  nearly  $3  a ton  for  freight.  De- 
posits are  also  worked  near  Coxsackie  station  in  Columbia  county  and 
near  Camelot  and  New  Hamburg  in  Dutchess  county.  The  molding 
sand  forms  a stratum  from  10  inches  to  3 feet  thick  underlying  the 
surface  soil.  The  owner  of  the  land  receives  on  the  average  about 
$2.50  an  acre  as  royalty  for  removing  the  deposit.  It  is  said  that 
after  an  interval  of  years  a second  stratum  of  molding  sand  may  be 
taken  from  land  that  has  previously  been  worked. 

A refractory  sand  known  as  fire  sand  is  used  in  foundries  for 
making  cores.  This  material  is  supplied  to  some  extent  from  the 
Oneida  lake  deposits.  The  output  r^orted  in  1904  was  4000  tons, 
valued  at  $1200. 

GRAPHITE 

Graphite  is  widely  distributed  through  the  metamorphic  rocks 
of  the  Adirondacks,  but  so  far  active  mining  operations  have  been 
confined  to  a few  localities.  The  most  productive  region  is  in  the 
vicinity  of  Lake  George,  in  Warren  and  Washington  counties. 
Deposits  of  crystalline  graphite  have  been  exploited  here  for  a long 
time  and  they  continue  to  yield  the  greater  part  of  the  high  grade 
material  produced  in  this  coimtry. 
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^ The  graphite  occurs  in  small  veins  and  dikes  intersecting  the 
metamorphic  strata  and  in  the  form  of  thin  crystals  or  scales  dis- 
seminated through  quartzites,  schists  and  limestones.  The  veins 
are  perhaps  the  richest  of  all  the  deposits,  though  they  rarely,  if 
ever,  occur  in  sufficient  size  to  be  valuable.  The  graphite  is  found 
in  leaves  and  larger  masses,  more  or  less  admixed  with  quartz  but 
otherwise  free  from  impurities.  These  deposits  bear  some  re- 
semblance to  the  dikes,  which  also  yield  a coarsely  crystalline 
product  associated  with  feldspar,  quartz  and  other  minerals  com- 
mon to  pegmatite.  The  only  successful  attempt  at  working  a dike 
has  been  at  Chilson  hill  near  Ticonderoga,  where  operations  were 
carried  on  for  several  years  by  the  Joseph  Dixon  Crucible  Co.  As  a 
rule  there  is  little  regularity  in  the  occurrence  of  pegmatite  deposits, 
and  this  fact  detracts  from  their  value  as  mining  propositions. 

The  graphitic  quartzites,  schists  and  limestones,  while  not  so 
rich  as  the  veins  and  dikes,  are  more  persistent  and  can  be  worked 
on  a larger  scale.  At  present  they  are  the  basis  of  all  active  opera- 
tions in  the  State.  The  graphite  occurs  in  finely  divided  particles 
disseminated  throughout  the  rock  mass ; its  recovery  is  a matter  of 
some  difficulty,  since  the  rock  must  be  broken  down  to  such  a size 
that  the  graphite  is  released  and  then  subjected  to  concentration  the 
reverse  of  the  process  usually  followed  in  separating  ores  from 
gangue.  The  difficulty  is  greatly  increased  if  the  graphite  is  accom- 
panied by  other  scaly  minerals  like  those  of  the  mica  group. 

The  most  successful  graphite  mine  in  the  Adirondacks  is  that 
worked  by  the  Joseph  Dixon  Crucible  Co.,  in  the  town  of  Hague, 
five  miles  west  of  Lake  George.  The  deposit  consists  of  a bedded 
quartzite  associated  with  the  schists  and  gneisses  of  that  region. 
It  is  of  great  extent  and  for  several  years  has  supplied  almost  the 
entire  product  of  the  State.  The  company  operates  two  mills  for 
the  separation  and  refining  of  the  graphite,  one  situated  at  the  mine 
and  the  other  at  Hague.  A feature  of  the  concentration  process 
at  the  latter  place  is  the  use  of  the  Hooper  air  jig  which  has  been 
found  to  be  well  adapted  for  treating  graphitic  rocks  of  this  char- 
acter. 

Aside  from  the  operations  of  this  company  there  was  little  graph- 
ite produced  in  New  York  during  1904.  The  mine  and  works  of  the 
Adirondack  Mining  & Milling  Co.  on  South  bay  near  Dresden,  were 
inoperative  for  most  of  the  year,  as  were  those  owned  by  the  Ticon- 
deroga Graphite  Co.  The  latter  poncern  has  been  taken  over  by 
the  Columbia  Graphite  Co.  of  Pittsburg  Pa.  The  mines  are  situated 
near  Rock  pond  between  Ticonderoga  and  Schroon  where  there  is  a 
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mill  equipped  with  stamps  and  buddies.  In  character  the  deposit 
resembles  the  graphitic  quartzite  of  Hague,  but  it  is  of  larger  size 
and  somewhat  lower  in  grade. 

A new  tmdertaking  is  the  Champlain  Graphite  Co.,  which  was 
organized  late  in  the  year  to  develop  a deposit  of  graphitic  schist 
near  Whitehall.  A mill  is  now  under  course  of  construction.  The 
Silver  Leaf  Graphite  Co.  of  the  same  place  did  not  engage  in  pro- 
ductive operations  during  the  year. 

Some  attempts  to  mine  graphite  have  been  made  on  the  opposite 
side  of  the  Adirondacks  in  St  Lawrence  county.  Both  veins  and 
disseminated  deposits  occur  in  association  with  crystalline  schists. 
Some  development  work  was  done  last  year  on  a prospect  near 
Pope  Mills,  town  of  Macomb.  The  graphite  occurs  as  fine  scales 
in  schist  and  the  deposit  is  said  to  be  extensive.  About  500  tons 
of  rock  have  been  taken  out  and  a mill  has  recently  been  completed. 

The  production  of  crystalline  graphite  from  New  York  mines  in 
1904  was  3,132,927  pounds,  valued  at  $119,509.  There  was  little 
change  in  the  output  compared  with  previous  years. 

The  International  Acheson  Graphite  Co.  of  Niagara  Falls  re- 
ported a production  of  3,248,000  pounds  of  artificial  graphite, 
valued  at  $217,790. 

GYPSUM 

The  gypsum  quarried  in  New  York  is  the  rock  or  massive  variety. 
It  occurs  as  interbedded  deposits  in  the  shales  and  limestones  of  the 
Salina  stage.  Seams  of  selenite,  the  crystallized  variety,  some- 
times accompany  the  deposits,  but  they  are  so  limited  as  to  have 
little  economic  value.  The  rock  gypsum  usually  contains  clay, 
carbonates,  silica  and  other  impurities,  the  presence  of  which 
in  appreciable  quantities  is  injurious  to  its  use  for  some  purposes. 
Till  recently  most  of  the  gypsum  obtained  in  the  State  was  ground 
and  sold  as  land  plaster.  It  has  been  found,  however,  that  the 
better  quality  of  rock  can  be  utilized  in  manufacturing  wall  plaster, 
and  several  companies  have  engaged  in  this  industry  which  now 
consumes  the  greater  part  of  the  quarry  output. 

The  main  gypsum  beds  outcrop  near  the  southern  edge  of  the 
area  occupied  by  the  Salina  strata.  The  latter  have  a quite  uniform 
dip  to  the  south.  Smaller  deposits  occurring  in  the  lower  horizons 
of  the  Salina  are  not  worked.  The  number  of  beds  in  any  given 
locality  varies,  but  usually  two  at  least  have  been  found.  In 
order  to  facilitate  operations,  the  workings  are  located  near  the 
outcrop  of  the  deposits,  where  there  is  the  least  overburden.  No 
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effort  has  been  made  to  carry  on  exploitation  at  any  considerable 
depth,  and  in  most  cases  ordinary  quarrying  methods  are  employed 
for  extracting  the  rock.  The  edges  of  low  hills  are  considered 
favorable  points  for  opening  new  deposits.  After  the  beds  have 
been  followed  back  into  the  hill  for  some  distance,  if  the  overlying 
strata  are  heavy,  the  work  rrlay  be  continued  under  cover  as  in 
mining. 

The  gypsum  when  first  extracted  is  gray  or  drab  in  color,  becom- 
ing lighter  on  exposure.  Organic  matter  seems  to  be  the  principal 
coloring  agent.  The  presence  of  iron  oxids  gives  a brownish  tint  to 
the  rock  which  can  not  be  removed  by  calcination. 

Quarries  have  been  opened  at  frequent  intervals  along  the  out- 
crop of  the  Salina  formation.  The  most  easterly  points  where 
gypsum  is  produced  are  in  Madison  county , near  Cotton  and  Hoboken- 
ville.  The  output  in  this  region  is  small  and  is  used  locally  for  land 
plaster.  In  Onondaga  cormty  there  are  quarries  at  Fayetteville, 
Manlius  Centre,  Marcellus  and  Half  Way,  those  at  Fayetteville 
being  most  important.  At  the  latter  locality  the  gypsum  attains 
a maximum  thickness  of  60  feet,  made  up  of  several  beds  ranging 
from  18  inches  to  30  feet  each.  The  output  is  used  in  part  for  land 
plaster;  the  greater  quantity,  however,  is  calcined  either  by  the 
local  cement  plants  or  by  the  wall  plaster  manufacturers  that  have 
works  in  Syracuse.  At  Union  Springs,  Cayuga  co.,  a large  quarry 
has  been  operated  for  a number  of  years,  the  first  opening  having 
been  made  in  1828.  The  deposits  in  Ontario  county  near  Port 
Gibson  and  Victor  are  not  worked  at  present.  They  have  pro- 
duced mostly  land  plaster.  In  Monroe  county  the  town  of  Wheat- 
land  is  an  important  center  of  the  industry.  The  product  goes  to 
mills  located  at  Garbuttsville  and  Wheatland  which  make  land 
plaster,  plaster  of  paris  and  wall  plaster.  Still  farther  west  in 
Genesee  county,  gypsum  is  quarried  extensively  at  Oakfield  where 
large  plaster  works  have  been  built.  The  deposit  is  not  so  thick 
here  as  in  the  eastern  localities,  but  owing  to  its  lighter  color  it  is 
better  adapted  for  calcination.  In  Erie  county,  the  quarries  at 
Akron  have  been  intermittently  active,  supplying  agricultural 
plaster  to  the  local  markets. 

The  development  of  the  gypsum  industry  in  New  York,  both 
present  and  future,  depends  altogether  on  the  demand  for  the 
different  products,  since  the  crude  rock  exists  in  almost  unlimited 
quantities.  Its  progress  recently  has  been  promoted  by  the  estab- 
lishment of  plants  for  making  stucco  and  wall  plaster.  The  latter 
is  perhaps  the  most  important  application,  and  the  one  that  has 
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greatest  possibilities  for  continual  expansion.  The  consumption 
of  land  plaster  has  remained  comparatively  steady  from  year  to 
year,  with  slight  tendency  to  growth.  The  gypsum  quarries  are 
well  situated  for  marketing  the  product,  as  most  of  them  are  on 
or  near  the  Erie  canal  and  the  main  railway  lines. 

Pr^?duction  in  1904.  The  output  of  gypsum  last  year  amounted 
to  151,455  short  tons.  There  were  16  companies  engaged  in  quarry- 
ing the  material,  of  which  number  seven  were  in  Onondaga  county, 
three  each  in  Madison  and  Monroe  coimties,  two  in  Genesee  county 
and  one  in  Cayuga  county.  The  value  of  the  output  was  $424,975. 
The  reports  from  the  different  companies  show  that  the  greater 
part  of  the  gypsum  produced  was  converted  into  wall  plaster  and 
plaster  of  paris,  the  total  product  of  which  was  88,255  tons,  valued 
at  $347,885.  Of  the  remainder  33,712  tons,  valued  at  $62,438,  was 
ground  for  land  plaster,  and  9,768  tons,  valued  at  $14,652,  was  sold 
in  the  crude  state.  The  production  was  made  by  the  following 
companies. 

NAME  LOCATION  OF  OFFICE 


Cayuga  Plaster  Co. 

Union  Springs 

Oakfield  Plaster  Manufacturing  Co. 

Buffalo 

United  States  Gypsum  Co. 

Chicago  111. 

J.  Mason  jr 

Clockville 

F.  A.  Miller 

Clockville 

W.  H.  Osborn  & Co. 

Valley  Mills 

Consolidated  Wheatland  Plaster  Co. 

Caledonia 

Garbutt  Gypsum  Co. 

Garbutt 

Lycoming  Calcining  Co. 

Williamsport  Pa. 

James  Behan  Estate 

Manlius 

H.  Lansing 

Fayetteville 

Spencer  & McCarthy 

Jamesville 

National  Wall  Plaster  Co.[oi  America 

Syracuse 

F.  M.  Severance 

F ayetteville 

T.  W.  Sheedy 

Fayetteville 

William  Valentine  jr 

Jamesville 

IRON  ORE 

While  there  were  no  developments  of  unusual  moment  in  iron 
mining  last  year,  the  record  made  by  the  various  companies  has 
been  one  of  substantial  progress.  The  total  production  of  all 
classes  of  ore  in  the  State  amounted  to  619,103  long  tons,  valued 
at  $1,328,894.  In  1903  the  output  was  540,460  long  tons,  valued  at 
$1,209,899,  showing  an  increase  for  the  year  of  78,643  tons,  or 
approximately  15%. 
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Throughout  the  greater  part  of  1904  a general  depression  pre- 
vailed in  the  iron  trade,  which  was  naturally  reflected  in  a decreased 
demand  for  ore.  That  the  mining  companies  were  able  to  maintain 
operations  on  a larger  scale  than  in  the  previous  year,  despite 
the  unfavorable  conditions,  must  be  regarded  as  creditable  to  the 
stability  of  the  industry  in  this  State.  Consideration  should  be 
given  also  to  the  fact  that  most  of  the  ore  has  to  be  sold  on  the  open 
market,  whereas  in  many  districts  of  the  country  the  mines  are 
operated  in  connection  with  blast  furnaces  which  furnish  a steady 
outlet  for  their  product. 

The  prospects  for  the  future  of  iron  mining  in  New  York  seem 
encouraging.  The  high  grade  magnetic  ore  produced  by  the  Lake 
Champlain  mines  will  doubtless  continue  to  be  in  demand  by  fur- 
naces so  situated  that  the  transport  charges  are  not  excessive, 
At  the  largest  mines  in  this  section,  owned  by  Witherbee,  Sherman 
& Co.,  a new  magnetic  separating  plant  has  been  installed  which 
has  materially  augmented  the  scope  of  operations.  It  is  probable 
that  improvements  of  similar  character  will  be  undertaken  else- 
where in  the  Adirondacks.  Plans  have  been  considered  for  the 
reopening  of  the  mines  near  Fort  Montgomery,  Orange  co.  The 
mines  are  controlled  by  the  Hudson  Iron  Co.  of  New  York  city, 
which  has  recently  acquired  properties  in  the  vicinity  of  Gouverneur, 
St  Lawrence  co.,  with  a view  of  commencing  operations  there  during 
the  present  season. 

The  returns  for  1904  show  that  the  ore  was  distributed  according 
to  the  usual  classification  as  follows:  magnetite  559,575  tons, 
valued  at  $1,215,415;  hematite  54,128  tons,  valued  at  $98,479; 
and  limonite  5000  tons,  at  nominal  valuation.  Nearly  all  of  the 
magnetite  came  from  the  Lake  Champlain  district,  and  was  con- 
tributed by  the  mines  at  Mineville,  Essex  co.,  and  at  Arnold  Hill 
and  Lyon  Mountain,  Clinton  co.  Outside  of  this  district  the  only 
magnetite  produced  was  at  Salisbury,  Herkimer  co.  The  magnetite 
was  shipped  for  the  most  part  in  the  form  of  concentrates.  The 
hematite  was  contributed  by  three  mines  located  at  Furnaceville, 
Wayne  co.;  Spragueville,  St  Lawrence  co.;  and  at  Clinton,  Oneida 
CO.  The  limonite  came  from  one  mine  at  Amenia,  Dutchess  co. 
In  all  there  were  nine  companies  reporting  as  active. 

The  following  table  gives  the  production  of  the  various  kinds 
of  iron  ore  in  New  York  State  during  the  last  10  years.  The  figures 
for  1903  and  preceding  years  have  been  taken  from  the  reports  of 
John  Birkinbine  published  in  the  annual  volumes  of  the  Mineral 
Resources. 


f 


934 


NEW  YORK  STATE  MUSEUM 

Production  of  iron  ore  in  New  York  State 


YEAR 

MAGNETITE 

HEMATITE 

LIMONITE 

CARBONATE 

TOTAL 

Total  value 

Value 
per  ton 

Long  tons 

Long  tons 

Long  tons 

Long  tons 

Long  tons 

189s 

260  139 

6 769 

26  462 

13  886 

307  256 

$S98  313 

$i  95 

1896 

346  ois 

10  789 

12  288 

16  38s 

38s  477 

780  932 

2 03 

1897 

296  722 

7 664 

20  059 

II  280 

33S  72s 

642  838 

I 91 

1898 

ISS  SSI 

6 400 

14  000 

4 000 

179  9SI 

3SO  999 

I 9S 

1899 

344  IS9 

4S  503 

31  97S 

22  153 

443  790 

I 241  985 

2 80 

1900 

34S  714 

44  467 

44  891 

6 413 

441  48s 

I 103  817 

2 50 

1901 

329  467 

66  389 

23  362 

I 000 

420  218 

I 006  231 

2 39 

1902 

4SI  S70 

91  075 

12  676 

Nil 

555  321 

I 362  987 

2 4S 

1903 

4SI  481 

83  820 

S 1S9 

Nil 

540  460 

I 209  899 

2 24 

1904 

SS9  S7S 

S4  128 

5 000 

Nil 

619  103 

I 328  894 

2 15 

The  statistics  indicate  a gradual  though  not  a constant  increase 
for  the  period  given.  As  might  be  expected,  the  increase  has  not 
been  manifest  in  the  low  grade  limonite  and  carbonate  ores,  but 
has  been  due  almost  entirely  to  the  growth  of  magnetite  mining. 
No  carbonate  ore  has  been  worked  during  the  last  three  years, 
and  the  production  of  limonite  is  not  important. 

Developments  at  Mineville.  The  Mineville  ore  bodies  have  been 
exploited  actively  by  the  two  companies  operating  in  that  locality 
Witherbee,  Sherman  & Co.  and  the  Port  Henry  Iron  Ore  Co.  The 
total  shipments  for  1904  amounted  to  over  400,000  tons,  all  high 
grade  magnetite.  The  deposits  worked  by  the  former  company 
are  known  as  the  Old  Bed,  New  Bed  and  Harmony.  The  first  is 
very  phosphatic,  while  the  New  Bed  runs  quite  low  in  phosphorus 
and  the  Harmony  averages  between  the  two  extremes.  The  prin- 
cipal openings  are  the  Joker,  Bonanza  and  A and  B shafts,  of 
which  the  last  two  were  recently  sunk  on  the  Harmony.  The 
Cook  shaft  lies  some  distance  from  the  others,  and  the  relations  of 
this  ore  body  have  not  been  definitely  established.  The  operations 
of  the  Port  Henry  Iron  Ore  Co.  were  confined,  as  heretofore,  to  Mine 
21  on  the  Old  Bed. 

The  progressive  policy  of  improvement  in  both  underground  and 
surface  installations  adopted  by  Witherbee,  Sherman  & Co.  has 
had  a very  beneficial  effect  on  the  mining  industry  which  will  con- 
tinue to  be  felt  for  a long  time  in  the  future.  During  the  past 
year  attention  has  been  directed  specially  to  increasing  the  efficiency 
of  the  various  plants,  rather  than  to  adding  further  equipment. 
The  most  extensive  changes  have  been  undertaken  in  the  old  mill, 
and  when  completed  it  is  hoped  that  the  milling  capacity  will  be 
sufficient  to  handle  the  full  quota  of  ore.  The  new  mill  has  worked 
very  successfully.  An  improved  Ball-Norton  separator  of  the 


THE  MINING  AND  QUARRY  INDUSTRY 


935 


endless  belt  type,  perfected  at  Mineville,  has  been  installed  in 
place  of  the  machines  formerly  used,  and  has  been  found  to  be  well 
adapted  for  treating  the  highly  phosphoric  ore  from  the  Old  Bed. 
The  arrangement  of  the  magnets  in  series  of  alternating  polarities, 
which  characterizes  this  separator,  imparts  a constant  vibratory 
motion  to  the  particles  of  ore  as  they  pass  from  one  magnet  to 
another  and  gives  the  entangled  gangue  matter  opportunity  to  free 
itself.  With  its  use  the  Old  Bed  ore,  which  carries  about  6o% 
iron  and  often  1.5  or  2%  phosphorus,  is  concentrated  to  a product 
assaying  over  65%  iron  and  from  .5  to  .7%  phosphorus.  The 
tailings  made  in  the  process  are  re-treated  in  Wetherill  separators, 
which  recover  a further  portion  of  the  magnetite  that  goes  into 
the  first  concentrates.  They  also  take  out  the  hornblende  as  a 
middlings  product.  The  other  components  of  the  original  ore 
consist  mostly  of  apatite  and  quartz  and  constitute  the  tailings 
from  the  Wetherill  machines.  The  tailings  analyze  about  12% 
phosphorus,  or  60%  tricalcium  phosphate;  they  form  a valuable 
by-product  which  is  sold  to  fertilizer  manufacturers.  The  horn- 
blende tailings  also  contain  phosphorus  to  the  extent  of  7 or  8%, 
but  they  are  mostly  held  in  reserve  at  present. 

A feature  of  interest  in  connection  with  these  mines  is  the  exten- 
sive use  of  electric  power  for  driving  the  various  plants,  as  well  as 
for  lighting,  pumping  and  hoisting  in  the  mines.  A large  central 
power  house  erected  in  1903  furnishes  most  of  the  electric  current 
that  is  required.  The  generator  is  of  alternating  type,  750  kw 
capacity,  and  is  directly  connected  with  a 1000  h.p.  Nordberg-Corliss 
engine.  A second  power  house  containing  a 200  h.p.  engine  and 
150  kw  generator  supplies  current  to  the  old  mill.  The  company 
has  also  an  electric  generating  station  at  Wadhams  Mills  on  the 
Bouquet  river,  the  power  from  which  is  transmitted  to  the  mines 
and  used  to  supplement  the  regular  supply. 

The  Mineville  ore,  though  mostly  of  non-Bessemer  character, 
finds  a ready  market  in  the  Eastern  States.  The  blast  furnaces  in 
this  section  use  it  as  a basis  for  mixture  with  the  hematite  ores 
from  Lake  Superior  or  local  mines  in  making  foundry  irons.  The 
concentrates  shipped  from  Mineville  are  imusually  high  in  content 
of  iron  and  can  be  utilized  to  advantage  with  leaner  ores.  The 
more  phosphoric  magnetite  from  the  Old  Bed  workings  is  in  de- 
mand by  makers  of  basic  Bessemer  iron;  a large  quantity  of  this 
ore  was  exported  last  year  to  Germany. 

The  Northern  Iron  Co.  blew  in  its  furnace  at  Port  Henry  late  in 
1904,  after  making  extensive  repairs.  The  output  is  about  200 
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tons  of  pig  iron  daily.  Most  of  the  ore  is  furnished  by  the  Port 
Henry  Iron  Ore  Co.  from  Mine  21. 

Arnold  Hill  mines.  The  Arnold  Hill  magnetite  mines,  situated 
on  the  Ausable  branch  of  the  Delaware  & Hudson  Railroad,  have 
been  active  during  the  past  year.  The  deposits  were  among  the 
first  to  be  exploited  in  the  region,  but  till  1850  the  output  was  made 
by  opening  pits  along  the  outcrop.  The  ore  is  found  in  several 
parallel  veins  of  lenticular  shape  which  overlap  and  are  separated 
by  various  thicknesses  of  wall  rock.  Sometimes  two  or  more 
veins  can  be  attacked  from  a single  stope.  The  ore  belongs  to  two 
types,  “blue  vein”  which  is  a rich  martite  and  “black  band”  or 
magnetite.  At  present  the  mines  are  worked  by  the  Arnold  Mining 
Co.  of  Harkness.  The  two  shafts,  known  as  the  north  and  south 
shafts,  are  located  about  a mile  from  the  railroad.  A concentrating 
plant  has  been  erected  at  Arnold  Station,  to  which  the  ore  is  con- 
veyed from  the  mine  by  a gravity  plane.  The  ore  as  mined  is  first 
crushed  to  coarse  size  and  concentrated  on  B all-Norton  machines. 
It  is  then  passed  through  rolls  and  reconcentrated. 

Lyon  Mountain.  The  Lyon  Mountain  deposits  lie  on  the  Lake 
Placid  branch  of  the  Delaware  & Hudson  Railroad  and  are  operated 
by  the  Chateaugay  Ore  & Iron  Department  of  this  company. 
They  comprise  a series  of  large  veins  or  impregnations  in  the  coun- 
try, the  whole  forming  an  ore  zone  that  extends  fully  five  miles  on 
the  strike.  In  all  there  are  about  25  openings,  but  only  8 are  now 
worked.  The  inclined  shafts  or  slopes  have  been  sunk  to  a maxi- 
mum of  1600  feet  on  the  dip  or  about  800  feet  vertically.  As  a 
rule  the  ore  carries  about  40%  magnetite.  It  is  concentrated  to  an 
average  of  66%  iron,  with  the  remarkably  low  phosphorus  content 
of  .007%.  A part  of  the  ore  is  smelted  by  the  company,  and  the 
remainder  is  shipped  to  Pennsylvania  furnaces.  It  yields  high 
grade  Bessemer  iron. 

In  the  vicinity  of  Lyon  Mountain,  no.  81  mine  at  Stan  dish  has 
been  idle  for  the  last  two  years.  Its  ore  is  similar  to  that  described 
above,  and  the  deposit  may  belong  to  the  same  zone.  The  Park- 
hurst  mine  near  Bradley  pond  and  the  Williams  mine  between 
the  latter  and  Lyon  Mountain  yield  a richer  ore,  but  it  contains 
more  phosphorus.  At  Clayburg,  Redford  and  other  localities  in 
the  Saranac  valley,  there  are  a number  of  ore  beds  that  were  once 
worked  for  making  iron  by  the  bloomery  process,  and  some  interest 
is  being  shown  in  their  re-opening,  which  will  depend  largely  on  the 
extension  of  railroad  facilities. 
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Salisbury.  The  magnetite  mine  near  Salisbury  Centre,  Herkimer 
coimty,  was  a small  producer  of  ore  in  1904.  The  deposits  had 
been  worked  previously,  but  never  on  a large  scale.  They  are 
lens-shaped  bodies  in  syenite  country,  with  basic  hornblende  gneiss 
as  the  immediate  wall  rock.  The  nearest  point  of  shipment  is 
Dolgeville,  the  terminus  of  a short  railroad  nmning  north  from 
Little  Falls. 

The  Hematite  mines.  The  production  of  hematite  last  year  was 
confined  to  a single  locality  in  St  Lawrence  coimty  and  to  two 
localities  in  the  Clinton  deposits. 

The  Rossie  Iron  Ore  Co.  has  opened  three  mines  in  the  vicinity 
of  Spragueville  between  Gouvemeur  and  Antwerp.  The  ore  occurs 
in  the  form  of  lenticular  masses  associated  with  crystalline  lime- 
stone and  serpentine.  It  carries  from  40  to  45%  iron  and  as 
shipped  runs  about  50%.  A portion  of  the  product  is  ground  for 
paint  and  mortar  colors. 

The  properties  near  Caledonia,  St  Lawrence  co.,  formerly  owned 
by  the  Carney  Ore  Mining  Co.,  have  been  taken  over  by  the  Hudson 
Iron  Co.  and  will  be  reopened  during  the  coming  year.  They  yield 
specular  ore  assaying  48  to  50%  iron.  ■ 

The  mines  and  furnaces  of  the  Franklin  Iron  Manufacturing  Co. 
at  Clinton,  Oneida  co.,  were  closed  down  throughout  the  year. 
The  only  ore  produced  at  this  locality  came  from  the  property  of 
C.  A.  Borst  and  was  used  in  the  manufacture  of  paint,  largely  by 
the  Clinton  Metallic  Paint  Co. 

At  Furnaceville,  Wayne  co.,  the  Fumaceville  Iron  Co.  continues 
to  work  its  mines  in  the  Clinton  formation. 

Limonite  and  carbonate  mines.  Though  at  one  time  of  great 
importance,  the  limonite  mines  in  Columbia  and  Dutchess  counties 
have  gradually  succumbed  to  competition  with  richer  and  more 
favorably  situated  districts.  The  Salisbury  region  of  which  they 
form  a part  long  enjoyed  a high  reputation  for  the  quality  of  its 
iron,  which  was  used  in  gun  forgings,  car  wheels  and  other  materials 
requiring  great  strength  and  tenacity.  Even  so  late  as  1883  there 
were  not  less  than  20  charcoal  furnaces  employing  these  ores.  In 
all  some  25  mines  have  been  opened  and  worked  within  the  limits 
of  the  two  counties.  The  output  of  the  ore  for  the  census  year  1880 
was  reported  at  144,878  long  tons.  In  1904  there  was  only  one 
mine  working  which  produced  about  5000  tons. 

The  Burden  carbonate  mines  have  been  idle  for  the  past  three 
years.  From  1882  to  1901  they  were  operated  by  the  Hudson 
River  Ore  & Iron  Co.,  which  equipped  them  with  a very  complete 
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mining  plant.  The  ore  varied  from  phosphoric  to  Bessemer 
in  quality,  but  special  attention  was  given  to  the  latter.  A rail- 
way 3^  miles  long  conveyed  the  ore  to  the  Hudson  river  near 
Catskill  Station,  where  it  was  roasted  and  shipped  to  furnaces  in 
New  York,  New  Jersey  and  Pennsylvania. 

MILLSTONES 

The  quarries  of  Ulster  county  continue  to  furnish  the  chief 
supply  of  millstones  made  in  the  United  States.  At  one  time  the 
output  from  this  section  amounted  to  over  $100,000  annually,  but 
recently  it  has  averaged  much  less.  The  introduction  of  rollers, 
ball  mills  and  other  improved  types  of  grinding  machinery  has 
been  responsible  for  the  decreased  use  of  millstones. 

The  Ulster  county  or  Esopus  millstones  are  quarried  from  the 
Shawangimk  grit,  a light  gray  quartz  conglomerate  found  along 
the  Shaw  an  gunk  mountains  from  near  High  Falls  southwest 
towards  the  Pennsylvania  border.  In  thickness  and  texture 
the  rock  varies  greatly  from  place  to  place.  The  inclosed  pebbles 
range  from  pea  size  up  to  an  inch  and  more  in  diameter.  The 
matrix  is  silicious  paste  of  gritty  character.  Though  of  wide 
extent,  only  a small  portion  of  the  conglomerate  is  so  situated 
that  it  can  be  utilized  economically.  Most  of  the  stone  is  pro- 
duced along  the  northern  edge  of  the  mountain  where  it  lies  close 
to  the  surface.  The  greater  number  of  quarries  are  located  in 
the  vicinity  of  Kyserike,  St  Josen,  Granite  and  Kerhonkson, 
while  the  distributing  points  for  the  finished  product  include 
New  Paltz  and  Kingston  in  addition  to  those  named.  The  in- 
dustry is  carried  on  intermittently,  many  of  the  producers  'en- 
gaging in  other  occupations  during  a part  of  the  year. 

The  blocks  obtained  by  quarrying  are  first  roughly  shaped  by 
wedges  and  then  dressed  to  size.  The  diameter  of  the  millstones 
as  marketed  ranges  from  15  to  90  inches.  The  greater  demand  is 
for  the  small  and  medium  sizes  with  diameters  of  24,  30,  36,  42 
and  48  inches.  A pair  of  30  inch  stones  commonly  sells  for  $15, 
while  $50  may  be  paid  for  a single  stone  60  inches  in  diameter. 
Besides  the  ordinary  millstones  a portion  of  the  product  is  worked 
up  into  disks,  which  are  used  in  a roll  type  of  crusher  known  as 
a chaser.  The  pavement  of  such  crushers  is  also  supplied  from 
the  quarries  in  the  form  of  blocks  measuring  12x12x10  inches. 
The  chasers  are  employed  in  grinding  quartz,  feldspar  and  barytes. 

Though  the  demand  for  millstones  has  shown  a decided  falling 
off  since  the  introduction  of  the  roller  mill  process  for  grinding 
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cereals,  their  use  in  other  industries  has  been  slowly  increasing 
during  the  last  lo  years.  The  small  com  mills  distributed  through- 
out the  Southern  States  still  furnish  an  important  market. 

In  the  year  1904  the  output  of  millstones  in  Ulster  county 
was  valued  at  $21,476.  The  production  was  smaller  than  in  the 
previous  year,  owing  principally  to  the  dullness  in  the  cement 
trade.  There  were  18  firms  actively  engaged  in  the  business. 


The  varieties  of  mineral  paint  that  are  made  from  materials 
mined  in  New  York  State  include  metallic  paint,  mortar  colors, 
slate  pigment  and  sienna. 

For  metallic  paint  and  mortar  colors  some  form  of  iron  ore, 
generally  hematite  or  limonite,  is  commonly  employed,  but  only 
a few  localities  are  known  where  the  ore  possesses  the  requisite 
qualities  of  color  and  durability.  The  fossil  hematite  from  the 
Clinton  formation  has  been  found  to  be  well  adapted  for  the  purpose 
and  is  the  material  most  widely  used  in  this  country.  The  ore  is 
derived  from  mines  at  Clinton,  Oneida  co.,  and  Ontario,  Wayne  co. 
Shales  and  slates  containing  large  amounts  of  iron  oxid  are  also 
ground  and  sold  for  metallic  paint.  The  principal  supplies  come 
from  near  Randolph,  Cattaraugus  co.,  and  Eagle  Bridge,  Rens- 
selaer CO. 

The  product  known  as  mineral  black  is  made  by  grinding  dark 
colored  slate  found  in  the  Hudson  river  region ; and  the  red  slate  of 
Washington  county  is  used  to  some  extent  as  a pigment. 

Sienna,  a variety  of  ocher,  occurs  near  Whitehall.  The  deposit 
is  a thin  bed  in  glacial  drift  and  has  been  worked  on  a small  scale. 

The  production  of  mineral  paint  in  1904  was  as  follows:  metallic 
paint  and  mortar  color,  4740  short  tons,  valued  at  $55,768;  slate 
pigment,  3132  short  tons,  valued  at  $23,876.  These  totals  include 
only  the  output  made  within  the  State  from  local  materials  and  do 
not  represent  the  full  importance  of  the  industry,  since  some  of 
the  raw  product  is  shipped  elsewhere  for  manufacture.  An  output 
of  6970  tons  was  reported  by  three  firms,  who  sell  the  crude  ore 
and  slate  to  paint  grinders. 

The  following  companies  were  engaged  in  the  mining  or  manu- 
facture of  mineral  paints  during  1904. 


MINERAL  PAINT 


NAME 


LOCATION  OF  OFFICE 

Worcester  Mass. 

Clinton 

Clinton 


Algonquin  Red  Slate  Co. 
Charles  A.  Borst 
Clinton  Metallic  Paint  Co. 
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NAME 

The  William  Connors  Paint  Mfg.  Co. 

Elko  Paint  Co. 

A.  J.  Hurd 

Rossie  Iron  Ore  Paint  Co. 

Andrew  Ruff 
Samuel  Ruffell 

MINERAL  WATERS 


LOCATION  OF  OFFICE 

Troy 

Randolph 
Eagle  Bridge 
Ogdensburg 
Troy 
Ontario 


The  mineral  springs  of  New  York  afford  a variety  of  waters 
suited  for  medicinal  or  domestic  purposes.  Over  200  different 
springs  have  been  listed  and  classified  according  to  their  mineral 
composition,  although  many  have  no  commercial  value  except  as 
sources  of  local  water  supply.  Some  of  the  springs  are  places  of 
resort  for  tourists  and  health  seekers. 

Among  the  various  waters  found  in  this  State  those  containing 
salts  of  the  alkalis  and  alkaline  earths  are  the  most  important. 
The  celebrated  Saratoga  springs  fall  in  this  class  and  are  further 
characterized  by  the  presence  of  carbon  dioxid.  They  supply 
great  quantities  of  table  and  medicinal  waters  which  are  shipped  to 
almost  every  part  of  the  country.  The  Sharon  and  Massena  springs 
are  also  saline,  but  differ  from  the  former  in  containing  sulfureted 
hydrogen.  Richfield  Springs  is  a noted  locality  for  chalybeate 
sulfureted  waters  which  are  employed  in  medicinal  baths  as  well  as 
for  drinking  purposes.  At  Oak  Orchard  is  found  a rare  type  of 
spring  containing  free  sulfuric  acid.  Thermal  springs  are  repre- 
sented by  the  Lebanon  spring  which  is  chalybeate  and  has  a tem- 
perature of  about  75°.  Besides  the  foregoing  there  are  a number 
of  other  localities  where  mineral  springs  occur  and  are  utilized  to  a 
greater  or  less  extent.  Quite  a large  industry  exists  also  in  the  sale 
of  spring  waters  which  contain  very  little  mineral  salts,  their  value 
depending  upon  their  freedom  from  obnoxious  impurities.  The 
Great  Bear  Spring  at  Fulton  may  be  mentioned  as  an  example  of 
this  class. 

In  the  following  list  are  included  the  names  of  the  leading  mineral 
springs  in  the  State  and  their  location.  Nearly  all  are  employed  in 
the  commercial  production  of  mineral  waters  or  have  recently  been 
so  employed. 


NAME 

Baldwin  Mineral  Spring 
Chemung  Spring 
Rockdale  Mineral  Spring 
Lebanon  Mineral  Spring 


LOCATION 

Cayuga,  Cayuga  co. 

Chemung,  Chemung  co. 
Rockdale,  Chenango  co. 
Lebanon  Springs,  Columbia  co. 
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NAME 

Mount  View  Spring 
Ayers  Amherst  Mineral  Spring 
Avon  Spring 
Jackson’s  Sanitarium 
Clinton  Lithia  Spring 
Franklin  Lithia  Spring 
Glacier  Spring 
Lithia  Polaris  Spring 
Split  Rock  Spring 
Verona  Mineral  Springs 
Warner’s  Natural  Mineral  Spring 
Clifton  Springs 

Geneva  Lithia  Mineral  Water 
Spring 

Geneva  Red  Cross  Lithia  Spring 

Fitzsimmons  Spring 

Deep  Rock  Spring 

Great  Bear  Spring 

Oswego  Mineral  Spring 

White  Sulphur  Springs 

Massena  Springs 

Arondack  Spring 

Artesian  Lithia  Spring 

Congress  Spring 

Empire  Spring 

Eureka  White  Sulphur  & Mineral 
Spring 

Excelsior  Spring 
Geyser  Spring 
Hathorn  Spring 
Hides  Franklin  Spring 
High  Rock  Spring 
Lincoln  Spring 
Old  Putnam  Mineral  Spring 
Patterson  Mineral  Spring 
Quevic  Spring 
Remeho  Spring 
Royal  Vichy  Spring 
Star  Spring 

Saratoga  Seltzer  Spring 
Saratoga  Vichy  Spring 


LOCATION 

Poughkeepsie,  Dutchess  co. 
AVilliamsville,  Erie  co. 

Avon,  Livingston  co. 

Dansville,  Livingston  co. 
Franklin  Springs,  Oneida  co. 
Franklin  Springs,  Oneida  co. 
Franklin  Springs,  Oneida  co. 
Boonville,  Oneida  co. 

Franklin  Springs,  Oneida  co. 
Verona,  Oneida  co. 

Franklin  Springs,  Oneida  co. 
Clifton  Springs,  Ontario  co. 

Geneva,  Ontario  co. 

Geneva,  Ontario  co. 

Port  Jervis,  Orange  co. 
Oswego,  Oswego  co. 

Fulton,  Oswego  co. 

Oswego,  Oswego  co. 

Richfield  Springs,  Otsego  co. 
Massena  Springs,  St  Law.  co. 
Saratoga  Springs,  Saratoga  co. 
Ballston  Spa,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 

Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Ballston  Spa,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
Saratoga  Springs,  Saratoga  co. 
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NAME 

Saratoga  Victoria  Spring 
Chalybeate  Spring 
Magnesia  Spring 
White  Sulphur  Spring 
Red  Jacket  Mineral  Spring 
Mountain  Mist  Spring 
Dryden  Springs 
Big  Indian  Spring 
Elixir  Spring 
Vita  Spring 
Clyde  Mineral  Spring 


LOCATION 

Saratoga  Springs,  Saratoga  co. 
Sharon  Springs,  Schoharie  co. 
Sharon  Springs,  Schoharie  co. 
Sharon  Springs,  Schoharie  co. 
Seneca  Falls,  Seneca  co. 

West  Hills,  Suffolk  co. 

Dryden,  Tompkins  co. 
Ellenville,  Ulster  co. 
Clintondale,  Ulster  co. 

Fort  Edward,  Washington  co. 
Clyde,  Wayne  co. 


The  commercial  production  of  mineral  waters  constitutes  a large 
and  growing  industry.  For  the  year  1904  the  revenue  derived 
from  their  sales  amounted  approximately  to  $1,600,000,  represent- 
ing a total  of  8,000,000  gallons.  The  springs  in  Saratoga  county 
alone  reported  sales  of  1,695,936  gallons  valued  at  $419,364.  In 
regard  to  the  totals  given,  it  may  be  stated  that  they  include  esti- 
mates for  certain  springs  in  lieu  of  more  definite  information.  The 
canvass  of  the  industry  is  attended  with  a good  deal  of  difficulty 
owing  to  the  fact  that  many  springs  are  exploited  intermittently  or 
on  a small  scale  and  no  accurate  account  is  kept  as  to  the  sales.  A 
number  of  springs,  also,  are  used  locally  to  supply  hotels  and 
sanatoriums,  so  that  only  a nominal  value  can  be  placed  on  their 
output. 

Carbonic  acid  gas 


Carbon  dioxid,  or  carbonic  acid  gas  as  it  is  commonly  known,  is 
produced  in  commercial  quantities  at  Saratoga  Springs.  The  gas 
accompanies  the  mineral  waters,  sometimes  in  such  quantity  as  to 
force  the  latter  to  the  surface,  but  frequently  the  flow  is  assisted  by 
pumping.  In  all  about  30  wells  have  been  drilled  for  gas,  their 
depths  ranging  from  150  to  600  feet. 

The  water  is  removed  to  the  mouth  of  the  well  and  the  gas  con- 
veyed to  a holder  from  which  it  is  drawn  off  for  charging  into 
cylinders.  The  carbon  dioxid  contains  a small  quantity  of  air  and 
frequently  a trace  of  hydrogen  sulfid,  but  it  is  said  to  be,  on  the 
whole,  much  purer  than  that  produced  by  artificial  means. 

According  to  information  furnished  by  J.  C.  Minor  jr,  the  total 
supply  of  carbon  dioxid  from  the  wells  in  the  vicinity  of  Saratoga 
Springs  is  about  20,000  pounds  per  day  of  which  only  about  one 
half  is  at  present  recovered.  The  product  is  employed  principally 
in  the  manufacture  of  soda  waters.  The  following  companies,  all  of 
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Saratoga  Springs,  have  been  engaged  in  the  production  of  carbon 
dioxid  during  the  past  year:  New  York  Carbonic  Acid  Gas  Co.; 
Natural  Carbonic  Gas  Co.;  Lincoln  Spring  Co.;  Geysers  Natural 
Carbonic  Acid  Gas  Co.;  and  Champion  Natural  Carbonic  Acid 
Gas  Co. 

NATURAL  GAS 

Natural  gas  has  been  found  in  New  York  over  a wide  area  and 
at  various  geologic  horizons.  The  most  productive  field  is  in 
the  southwestern  part,  including  Allegany,  Cattaraugus,  Chau- 
tauqua and  Erie  counties.  Many  of  the  adjoining  counties  to  the 
east  contain  deposits,  though  of  smaller  extent,  and  there  are  a 
great  number  of  wells  within  the  belt  bordering  Lake  Ontario 
from  Jefferson  to  Niagara  county.  The  first  successful  attempt 
to  use  natural  gas  for  light  and  heat  was  made  at  Fredonia,  Chau- 
tauqua CO.,  where  shallow  wells  were  drilled  as  early  as  1821. 

The  oil  field  of  Allegany  and  Cattaraugus  counties  has  produced 
large  quantities  of  natural  gas  from  Devonic  strata.  The  gas 
occurs  in  the  Bradford  sand  and  the  underlying  Kane  and  Elk 
sands.  Some  of  the  supply  is  consumed  in  pumping  the  oil,  while 
the  remainder  is  used  for  light  and  fuel  in  the  local  towns  and 
villages.  The  industry  is  controlled  by  a few  companies  who 
own  the  pipe  lines.  Glean,  Wellsville,  Andover,  Gowanda,  Friend- 
ship, Hornellsville  and  Geneseo  are  some  of  the  leading  towns 
supplied  from  this  field. 

In  Chautauqua  county  the  region  bordering  Lake  Erie  contains 
numerous  deposits  in  the  Portage  and  Chemung  formations.  The 
wells  are  mostly  shallov/,  and  the  individual  yield  is  only  sufficient 
to  supply  a few  families  with  gas.  Attempts  have  been  made  to 
find  larger  deposits  by  drilling  into  the  underlying  strata.  At 
Fredonia  a well  has  been  sunk  below  2500  feet,  encountering  gas 
in  the  Medina  sandstone,  but  the  ventures  have  generally  proved 
unremunerative . 

The  discovery  of  gas  territory  east  of  Buffalo  has  lately  brought 
Erie  county  into  prominence  as  a producer.  One  of  the  largest 
fields  extends  from  Lancaster  to  Alden  near  the  Genesee  county 
line.  Some  of  the  wells  have  yielded  as  high  as  1,000,000  cubic 
feet  daily.  The  gas  is  supplied  to  Akron,  Batavia,  Lancaster, 
Depew,  East  Aurora,  Honeoye  Falls  and  other  towns  in  the  vicinity, 
as  well  as  to  Buffalo.  The  deposits  are  found  in  the  Medina 
strata. 

In  Wyoming  county  a small  output  is  made  around  Attica. 
Livingston  county  produces  considerable  quantities  from  wells  at 
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Lima,  Avon  and  Caledonia.  Rushville,  Yates  co.  and  Gorham, 
Ontario  co.,  have  a few  wells.  Farther  east  in  Onondaga  county 
deposits  have  been  found  at  Baldwinsville,  Phoenix  and  Warner, 
and  in  Osw’ego  county  at  Fulton,  Pulaski  and  Sandy  Creek.  The 
latter  occur  in  the  Trenton  limestone,  the  lowest  horizon  at 
which  gas  has  been  found  in  the  State. 

The  returns  received  from  the  various  producers  of  natural 
gas  show  that  the  total  value  of  the  output  in  1904  amounted 
to  $552,197.  Owing  to  the  fact  that  some  of  the  larger  companies 
operate  at  several  localities,  it  has  been  difficult  to  distribute 
the  output  according  to  the  districts  in  which  it  was  made.  The 
following  statistics  are,  however,  close  approximations:  Alle- 

gany-Cattaraugus  field,  $183,830;  Erie  county,  $254,899; 
Chautauqua  county,  $31,822;  Niagara,  Wyoming  and  Genesee 
counties,  $18,855;  Livingston,  Seneca,  Ontario  and  Yates  counties 
$32,451;  Onondaga  county,  $15,350;  Oswego  county,  $14,990. 

One  of  the  notable  developments  during  the  year  has  been 
the  opening  of  large  wells  at  Silver  Creek,  Chautauqua  co.,  by 
the  Home  and  the  South  Shore  gas  companies.  The  wells  are 
connected  by  pipe  lines  with  Dunkirk  and  Forestville.  At  West- 
field  a deep  well  is  being  drilled  with  the  view  of  exploring  for 
gas  in  the  formations  below  the  Devonic.  The  Brocton  Gas  & 
Fuel  Co.  of  Brocton  drilled  two  wells  during  the  year.  In  the 
first  well,  which  reached  a depth  of  2263  feet,  the  Medina  sandstone 
was  encountered  at  2225  feet,  and  gave  a flow  of  about  10,000 
cubic  feet  daily.  A pocket  of  sulfurous  gas  was  found  between 
the  depths  of  400  and  600  feet.  The  second  well  was  sunk  to 
2261  feet  below  the  surface,  but  yielded  only  sulfurous  gas  from 
the  Devonian  strata.  In  Erie  county  the  Springville  Gas  Co. 
put  down  several  wells  near  Springville  and  Collins.  The  property 
of  the  Genesee  Natural  Gas  Co.  of  Geneseo  has  been  taken  over 
by  the  Empire  Gas  & Fuel  Co. 

PETROLEUM 

The  oil-bearing  territory  of  New  York  embraces  the  north- 
eastern extension  of  the  Appalachian  field.  The  Bradford  dis- 
trict, which  reaches  its  widest  development  in  Pennsylvania  includes 
a small  area  in  Cattaraugus  county,  and  there  are  several  pools 
in  Allegany  county  forming  the  Allegany  field,  though  they  are 
sometimes  grouped  with  the  Bradford.  The  productive  strata 
are  fine  grained  sandstones  of  dark  brown  color,  locally  called 
“black  sands.”  They  belong  to  the  Chemung  formation  of  the 
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Upper  Devonic.  The  petroleum  varies  from  amber  to  black 
in  color,  and  usually  contains  a large  proportion  of  lubricating 
oils. 

The  first  well  in  New  York  was  drilled  at  Limestone,  Cattaraugus 
CO.  in  1865.  The  Allegany  field  was  opened  some  15  years  later. 
In  1902  there  was  a total  of  8443  producing  wells  in  the  territory,^ 
while  the  number  drilled  since  the  beginning  largely  exceeds  that 
figure.  Compared  with  other  oil  fields  of  the  country,  the  records 
indicate  that  the  wells  have  a very  long  life,  but  their  average 
yield  is  small,  being  less  than  one  half  barrel  per  day.  The  in- 
dustry is  favored,  however,  by  the  superior  grade  of  oil  produced, 
which  commands  a high  price  at  the  refineries,  and  by  the  occurrence 
of  gas  in  quantities  that  generally  suffice  to  furnish  the  power  nec- 
essary for  pumping.  During  the  last  few  years  the  market  con- 
ditions have  been  unusually  satisfactory  and  have  stimulated 
activity  in  working  the  w^ells  and  in  the  exploration  for  new  ter- 
ritory. 

The  output  of  petroleum  in  1904  as  indicated  by  the  shipments 
of  companies  operating  pipe  lines  in  the  State  amounted  to 
1,036,179  barrels  of  42  gallons.  At  an  average  of  $1.65  per  barrel, 
the  value  of  the  production  was  $1,709,770.  Since  1890  the 
output  has  fluctuated  within  narrow  limits,  the  totals  varying 
little  from  that  of  last  year.  The  following  companies  have 
pipe  lines  in  New  York  territory:  The  Allegany  Pipe  Line  Co., 
Columbia  Pipe  Line  Co.,  Union  Pipe  Line  Co.  and  the  Vacuum 
Oil  Co.,  of  Wellsville  N.  Y.,  and  the  Tide-Water  Pipe  Co.  Limited, 
of  Bradford  Pa. 

PYRITE  . 

The  mining  of  pyrite  has  been  carried  on  intermittently  in 
New  York  State  for  several  years,  but  the  production  has  never 
attained  much  importance.  The  only  deposits  that  have  been 
worked  recently  are  in  the  vicinity  of  Canton  and  Gouvemeur, 
St  Lawrence  co.  The  ore  is  low  grade,  running  from  30  to  35%, 
but  by  concentration  the  sulfur  can  be  brought  up  to  45  or  50%. 
It  is  free  from  objectionable  impurities  and  well  adapted  for  acid 
burning.  Considering  the  fact  that  the  deposits  are  favorably 
situated  with  regard  to  market,  it  would  seem  that  they  are  worthy 
of  greater  attention  than  has  been  given  them.  The  sulfite  paper 
mills  in  this  section  of  the  State  consume  large  quantities  of  sulfur 
in  the  form  of  sulfurous  acid,  and  there  is  no  apparent  reason  why 
it  should  not  be  supplied  by  the  local  mines. 


’ Bureau  of  the  Census.  Mines  and  Quarries.  1902. 
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The  Stella  mine  which  has  produced  most  of  the  ore  mined 
in  this  section  during  recent  years  was  inactive  in  1904.  A new 
company  has  acquired  the  property  with  a view  to  restarting 
operations.  The  mine  formerly  owned  by  the  High  Falls  Pyrite 
Co.  has  been  taken  over  by  the  National  Pyrite  Co.  of  Canton. 
The  Adirondack  Pyrite  Co.  worked  its  mine  near  Gouvemeur 
during  a part  of  the  past  season.  A new  deposit  has  been  opened 
at  Richville  by  B.  R.  Hutchings.  The  total  production  of  pyrite 
in  1904  was  5275  long  tons  valued  at  $20,820. 

SALT 

Salt  has  long  been  one  of  the  chief  mineral  products  of  the 
State.  In  point  of  value  the  annual  output  is  exceeded  only  by  that 
of  clay  materials,  stone  and  cement.  The  New  York  industry 
is  favorably  situated  with  regard  to  the  large  markets  and  has  been 
able  to  maintain  its  commercial  prominence,  notwithstanding 
the  more  recent  developments  in  other  sections  of  the  country. 

The  salt  deposits,  which  are  associated  with  the  Salina  beds 
of  the  Upper  Siluric,  occur  over  a wide  area.  Their  northern 
extent,  as  shown  by  the  outcropping  Salina  strata,  is  defined 
approximately  by  a line  drawn  from  a point  somewhat  _south 
of  Oneida  lake  westward  to  Buffalo.  To  the  south  the  deposits 
are  encountered  at  progressively  increasing  depths  in  accordance 
with  the  dip  of  the  strata,  which  ranges  from  25  to  40  feet  to  the 
mile.  The  most  easterly  point  where  wells  have  been  sunk  is  at 
Morrisville,  Madison  co.  Between  this  point  and  Lake  Erie,  salt 
has  been  found  in  almost  all  of  the  central  tier  of  counties.  The 
wells  around  Syracuse  produce  a natural  brine  that  is  stored  in 
glacial  gravels,  but  elsewhere  the  deposits  are  rock  salt. 

In  Onondaga  county,  Syracuse  continues  to  be  an  important 
center  of  the  industry.  The  manufacture  of  salt  began  there 
in  1789  and  in  1797  it  came  under  State  control.  For  a 
long  time  the  wells  yielded  nearly  all  of  the  salt  made  in  the  State, 
but  in  late  years  there  has  been  an  increasing  output  from  other 
localities.  A noteworthy  feature,  also,  has  been  the  falling  off 
in  the  production  of  the  finer  grades  of  salt.  Almost  the  entire 
yield  at  present  is  of  the  solar  or  coarse  variety.  The  largest 
operator  in  Onondaga  county  is  the  Solvay  Process  Co.  The 
company  derives  its  supply  of  brine  from  wells  in  the  town  of 
Tully,  20  miles  south  of  Syracuse.  The  deposits  are  rock  salt, 
and  the  brine  is  obtained  by  bringing  fresh  water  into  the  wells. 
Formerly  the  brine  was  allowed  to  flow  out  under  its  own  pressure, 


THE  MINING  AND  QUARRY  INDUSTRY 


947 


but  owing  to  the  loss  from  percolation  with  this  method,  the 
wells  are  now  pumped.  The  brine  is  conveyed  by  pipe  line  to 
the  works  at  Solvay,  where  it  is  used  for  the  manufacture  of  soda 
products. 

In  Tompkins  county,  wells  were  sunk  at  Ludlowville  in  1891 
and  1892  and  at  Ithaca  in  1895.  latter  locality  the  salt 

deposits  had  an  aggregate  thickness  of  over  250  feet  and  were 
found  at  depths  below  2240  feet.  In  1899  the  wells  came  under 
the  control  of  the  National  Salt  Co.  by  whom  they  have  since  been 
operated.  More  recently  the  Remington  Salt  Co.  has  erected  a 
plant  near  Ithaca  and  has  engaged  in  the  manufacture  of  salt. 
The  company  has  drilled  three  wells,  finding  the  deposits  at  about 
2100  feet  below  the  surface. 

Salt  is  obtained  in  Schuyler  county  around  Watkins.  The 
Glen  Salt  Co.  sank  the  first  well  in  1893  and  encountered  a deposit 
at  a depth  of  1840  feet.  The  company  was  later  merged  into 
the  National  Salt  Co.  The. Watkins  Salt  Co.  also  operates  at  this 
locality. 

The  discovery  of  salt  near  Wyoming,  Wyoming  co.  in  1878 
furnished  an  incentive  for  the  exploration  of  this  region.  The 
first  well  penetrated  70  feet  of  rock  salt  at  1270  feet  from  the 
surface.  It  was  followed  by  discoveries  at  Warsaw,  Leroy, 
Rock  Glen,  Batavia  and  at  numerous  places  in  Livingston,  Wyom- 
ing and  Genesee  counties.  Practically  the  whole  valley  of  Oatka 
creek,  from  Leroy  to  Bliss  and  the  Genesee  valley  south  of  Monroe 
county  have  been  found  to  be  salt  bearing.  The  region  is  now  one 
of  the  most  productive  in  the  State.  The  National  Salt  Co.  has 
operated  three  plants  at  Warsaw.  The  other  active  companies  in 
this  field  are  the  Empire  State  Salt  Co.  of  Leroy;  the  Worcester 
Salt  Co.  of  Silver  Springs;  the  Retsof  Mining  Co.  of  Retsof  and 
the  Oatka  Mining  Co.  of  Wyoming.  The  last  named  compan}^ 
began  development  work  in  1903  and  will  produce  rock  salt. 
A large  number  of  plants  have  been  erected  by  other  companies  that 
are  now  inoperative. 

In  Erie  county  salt  has  been  found  at  Eden  Valley,  Springville 
and  Gowanda,  but  these  localities  are  no  longer  productive.  At 
Perry,  the  Iroquois  Salt  Co.  has  a plant  which  has  been  operated 
during  the  last  few  years. 

Among  other  discoveries  of  salt  in  New  York  may  be  mentioned 
those  at  Vincent  and  Naples,  Ontario  co.;  Dundee,  Yates  co. ;, 
Seneca  Falls,  Seneca  co.;  and  Aurora,  Cayuga  co.  The  deposits, 
are  not  worked. 
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‘ All  of  the  principal  grades  of  salt  are  made  in  New  York,  in- 
cluding coarse  solar,  common  coarse,  common  fine,  table  and 
dairy,  packers  and  rock  salt.  The  coarse  solar  is  produced  en- 
tirely at  Syracuse  where  great  areas  of  land  are  given  up  to  its 
manufacture.  Rock  salt  is  mined  in  quantity  at  Retsof  and 
Livonia.  Most  of  the  remaining  product  is  marketed  as  common 
fine,  common  coarse  and  table  and  dairy  salt. 

Production  and  trade  in  1904.  During  the  year  1904  there  were 
30  companies  engaged  in  manufacturing  salt  in  the  State.  Of  this 
number  Onondaga  count}^  was  represented  by  23,  Wyoming  and 
Tompkins  county  by  two  each,  and  Genesee,  Livingston  and 
Schuyler  by  one  each.  The  National  Salt  Co.  is  included  under 
Tompkins  county,  but  it  has  operated  also  in  Schuyler  and  Wyom- 
ing counties.  No  new  companies  entered  the  list  of  producers 
during  the  year. 

The  total  output  of  salt  in  1904  amounted  to  8,724,768  barrels 
of  280  pounds.  In  the  total,  account -is  taken  of  the  amount  of 
salt  utilized  in  the  form  of  brine  for  the  manufacture  of  soda 
products,  which  is  a very  important  item.  The  value  of  the  out- 
put was  $2,102,748  or  24  cents  a barrel.  The  following  table 
shows  the  production  distributed  among  the  various  grades  as 
marketed. 


Production  of  salt  by  grades  in  1904 


r 

Barrels 

Value 

Value 

per 

barrel 

L 

Common  fine® 

I 309  531 

423  686 
I 160  423 
459  156 
46  178 
5 325  794 

$409  498 
142  357 
518  742 

175  931 

14  180 
842  040 

S-3I 

•33 

.45 

.38 

•31 

. 16 

Common  coarse 

Table  and  dairy 

Coarse  solar 

Packers 

Other  grades 

Total 

8 724  768 

$2  102  748 

$.24 

a The  common  fine  salt  includes  some  coarse  salt,  so  that  the  division  for  these  grades  is 
not  quite  exact. 


The  total  for  “other  grades”  is  made  up  principally  of  rock 
salt  and  salt  used  for  soda  manufacture,  but  includes  other  kinds. 
It  will  be  noted  that  the  value  of  this  salt  is  much  lower  than 
the  general  average. 

Of  the  total  output,  Onondaga  county  contributed  3,456,337 
barrels  valued  at  $233,477,  while  the  remainder,  consisting  of 
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5,268,431  barrels  valued  at  $1,869,271,  came  from  Livingston, 
Wyoming,  Schuyler,  Tompkins,  and  Genesee  counties  in  the  order  of 
their  rank. 

The  production  last  year  compares  well  with  previous  records, 
and,  when  considered  in  connection  with  the  expansion  which 
the  industry  has  recently  undergone,  it  shows  that  the  manufacture 
of  salt  in  New  York  is  carried  on  under  very  stable  conditions. 
The  season  on  the  v/hole  was  rather  unfavorable  to  producers. 
The  demand  in  the  larger  markets  was  not  equal  to  the  supply, 
and  there  was  a good  deal  of  competition  among  the  companies. 
The  output  of  solar  salt  at  Syracuse  was  adversely  affected  by 
the  weather,  which  was  unusually  cloudy  and  wet  throughout 
the  summer.  The  report  of  the  State  Superintendent  of  the 
Onondaga  Salt  Springs,  states  that  the  production  showed  a 
decline  of  about  200,000  bushels  from  the  total  of  the  previous 
year.  The  quantity  of  salt  inspected  was  1,743,388  bushels 
of  56  pounds  each,  of  which  1,608,298  bushels  were  made  by  the 
solar  process,  and  135,090  bushels  by  artificial  evaporation.  In 
1903  the  quantity  inspected  was  1,933,224  bushels.  There  were 
22  producers  in  Syracuse  and  vicinity.  The  output  is  all  handled 
by  the  Onondaga  Coarse  Salt  Association  of  that  city. 

The  most  noteworthy  change  in  the  trade  during  the  year  was  the 
merging  of  the  works  owned  by  the  National  Salt  Co.  into  the 
International  Salt  Co.  The  former  company  had  been  in  the  hands 
of  receivers  since  1902.  The  International  Salt  Co.  which  also 
operates  the  Retsof  rock  salt  mine,  assumed  control  of  the  prop- 
erties on  Aug.  I,  1904.  The  offices  of  the  company  are  in  New 
York  city.  During  the  year  the  following  plants  of  this  company 
were  active:  Glen  works,  Watkins;  Ithaca  works,  Ithaca;  Cayuga 
works,  Myers;  Hawley,  Warsaw  and  Yorkshire  works,  Warsaw. 

SLATE 

Quarries  of  roofing  slate  are  worked  in  Washington  county 
near  the  Vermont  state  line.  The  productive  district  includes 
a narrow  belt  running  nearly  due  north  from  Salem  through  the 
towns  of  Hebron,  Granville,  Hampton  and  Whitehall.  Efforts 
have  been  made  to  work  slate  in  other  parts  of  the  State,  par- 
ticularly in  the  Hudson  river  metamorphic  region,  but  for  reasons 
no  longer  apparent  they  have  not  led  to  the  establishment  of  a 
permanent  industry.  Hoosick,  Rensselaer  co..  New  Lebanon, 
Columbia  co.,  and  New  Hamburg,  Dutchess  co.,  are  among  the 
places  that  have  furnished  slate  in  the  past  At  the  locality 
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last  named,  beds  were  found  which  yielded  large  blocks  resembling 
the  Welsh  slate  in  color  and  quality  and  adapted  for  structural 
material,  billiard  tables,  blackboards  and  other  purposes.  They 
were  operated  as  late  as  1898. 

The  slate  from  Washington  county  exhibits  a variety  of  colors. 
Red  is  the  most  valuable  and  is  the  characteristic  product  of 
the  region.  Owing  to  its  rarity  elsewhere,  it  has  a wide  sale  and 
is  in  constant  demand  for  export.  This  variety  is  found  near 
Granville  and  in  the  Hatch  Hill  and  North  Granville  districts 
between  North  Granville  and  Whitehall.  Its  occurrence  is  confined 
to  areas  of  Lower  Siluric  age.  Purple,  variegated  and  different 
shades  of  green  slate  are  produced  from  Cambric  areas,  prin- 
cipally around  Middle  Granville,  Salem  and  Shushan.  The  un- 
fading green,  which  also  commands  a good  price  for  roofing  pur- 
poses, is  quarried  to  some  extent  in  Washington  county,  but  the 
greater  quantity  comes  from  across  the  border  in  Vermont*. 

Up  to  the  present  time  the  production  of  slate  for  other  than 
roofing  purposes  such  as  mantels,  billiard  tables,  floor  tiling,  black 
boards,  etc.,  has  not  been  developed  to  any  extent  in  this  section. 
It  is  an  important  branch  of  the  slate  trade  of  Pennsylvania 
and  Vermont,  and  there  is  no  doubt  that  increased  attention 
to  this  branch  would  greatly  assist  the  advancement  of  the  in- 
dustry. 

The  reports  received  for  1904  show  that  10  Arms  were  engaged 
in  quarrying  slate  during  the  year.  The  total  output  was  18,090 
squares  of  roofing  slate,  valued  at  $86,159,  and  $7441  of  mill 
stock.  Compared  with  the  previous  year  the  statistics  indicate 
a decline  of  about  15%  in  the  combined  value  of  both  products,  due 
almost  entirely  to  the  smaller  quantity  of  mill  stock  made.  The 
roofing  slate  averaged  $4.76  a square,  which  is  higher  than  the 
general  run  of  prices  received  in  other  slate-producing  regions. 
Of  the  quantity  given,  about  6000  squares  were  red  slate. 

Among  the  leading  producers  in  1904  were  the  following: 


NAME 

Mathews  Consolidated  Slate  Co. 
Algonquin  Red  Slate  Co. 


Granville  Slate  Co, 
Montauk  Slate  Co. 
John  W.  O’Brien 
Allen  & Williams 


LOCATION  OF  OFFICE 

Poultney  Vt. 

Worcester  Mass. 
Granville  N.  Y. 

Middle  Granville  N.  Y. 
Middle  Granville  N.  Y. 
Middle  Granville  N.  Y. 
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The  McCormick  Red  Slate  Co.,  the  Bonanza  Slate  Co.,  and  the 
Beck  Slate  Co.,  of  Granville  and  Charles  I.  Baker  of  Truthville 
have  opened  quarries  and  will  work  them  during  the  present  year. 
The  Welsh  Red  Slate  Co.  of  Poultney,  Vt.,  which  formerly  operated 
quarries  at  Hampton,  has  retired  from  business. 

STONE 

All  of  the  principal  building  and  ornamental  stones  are  quarried 
in  New  York  and  most  of  them  on  a large  scale.  In  the  following 
pages  a brief  description  is  given  of  their  occurrence  throughout 
the  State,  together  with  information  relating  to  production  and 
developments  during  the  past  year.  The  slate  and  millstone 
industries  which  might  properly  be  included  here  have  been  treated 
under  separate  headings  owing  to  their  somewhat  special  character. 

Production  of  stone 

The  value  of  the  quarry  products  for  1904  amounted  to  $5,124,251. 
This  sum  covers  the  output  of  all  varieties  of  stone  excepting 
slate  and  millstones  and  that  portion  of  the  limestone  which  was 
used  for  the  manufacture  of  hydraulic  cement.  It  represents  the 
aggregate  product  of  over  600  quarries. 

The  value  of  the  limestone  production  was  $2,058,405.  The 
sandstone  quarried  amounted  in  value  to  $1,896,697,  of  which  the 
greater  part  was  reported  by  companies  engaged  in  the  bluestone 
trade.  The  output  of  trap  rock,  mostly  from  the  Hudson  river 
Palisades,  was  valued  at  $468,496;  marble  at  $478,771;  and 
granite  at  $221,882.  Classified  as  to  uses,  crushed  stone  was  the 
most  important  item  in  the  production.  The  value  of  this  material 
amounted  to  $1,557,974,  representing  approximately  2,224,000 
cubic  yards.  Building  stone  accounted  for  $1,254,548,  while 
curb  and  flagstone  were  produced  to  the  value  of  $908,280.  The 
monumental  stone  quarried  was  valued  at  $165,935.  The  value  of 
the  stone  quarried  for  purposes  other  than  those  given  was 
11,237,514. 

As  noted  in  the  accompanying  table,  the  totals  for  building 
stone,  crushed  stone  and  curbstone  do  not  include  certain  items 
which  should  be  classified  under  these  heads,  but  the  results  are 
not  appreciably  affected  thereby. 
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Production  of  stone  in  1904 


Variety 

Building 

stone 

Monumental 

Curbing 

and 

flagging 

Crushed 

stone 

All  other 

Total 

value 

rrranite 

$89  300 
248  647 
278  994 
637  607 
a 

$ii  262 
154  673 

a 

$6  253 

a 

902  027 

$83  295 
994  475 
a 

27  583 
452  621 

$38  025 
809  030 
45  104 
329  480 
15  875 

$221  882 
2 058  405 
478  771 
I 896  697 
468  496 

Limestone..  . 
Marble 

Sandstone . . . 
T rap 

Total. . . 

$i  254  548 

$165  935 

$908  280 

81  557  974 

$i  237  504 

$5  094  251 

Granite 

The  term  granite,  as  here  used,  includes  the  crystalline  rocks 
generally,  with  the  exception  of  trap  or  diabase  which  is  treated 
by  itself. 

There  are  two  principal  areas  where  these  rocks  occur  in  New 
York,  the  one  being  the  ♦Adirondack  region  and  the  other  the 
lower  Hudson  valley.  Massive  granites  are  much  less  important  in 
both  areas  than  the  banded  or  schistose  types  designated  as  gneisses 
and  schists;  they  are  sufficiently  developed,  however,  to  afford 
frequent  sites  for  quarries.  At  present  most  of  the  granite  em- 
ployed for  building,  monumental  and  decorative  purposes  is 
brought  in  from  other  states,  as  the  local  production  is  far  from 
meeting  the  requirements. 

In  southeastern  New  York,  the  Highlands  of  the  Hudson  consist 
almost  entirely  of  granite  and  gneiss.  Quarries  have  been  opened 
at  numerous  localities,  particularly  along  the  river  where  con- 
venient transport  facilities  can  be  had.  In  Putnam  county, 
Breakneck  mormtain,  just  north  of  Cold  Spring,  supplies  a medium 
grained  gneissoid  granite  which  has  been  used  extensively  for 
building  material  and  crushed  stone.  At  Garrisons  a true  granite 
of  massive  character  outcrops  and  has  furnished  building  stone 
to  New  York  city.  Farther  south  around  Peekskill,  there  are 
several  quarries  producing  gneissoid  granite.  In  Westchester 
county  granitic  rocks  are  abundant  and  of  varied  character.  One 
of  the  principal  formations  is  the  Fordham  gneiss,  a well  foliated 
grayish  biotite  gneiss  that  has  supplied  much  material  for  founda- 
tions and  rough  masonry.  The  quarry  localities  include  Hast- 
ings, Lowerre,  Bryn  Mawr  and  Uniontown.  The  Yonkers  gneiss, 
more  massive  than  the  former  and  containing  hornblende,  affords 
a durable  building  stone  which  is  obtained  at  Dunwoodie  and 
Scarsdale,  while  a similar  rock  occurs  at  Hartsdale,  Hastings, 


oSmall,  included  under  "all  other.” 
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Tarrytown  and  White  Plains.  Dikes  and  bosses  of  massive  granite 
are  quite  common  and  have  been  worked  at  New  Rochelle,  Mount 
Vernon,  Lake  Mohegan,  Westchester  co.;  Round  Island,  Rock- 
land CO.;  and  at  Pine  Island,  Orange  co.  The  Cortland  series  of 
gabbros  and  diorites  outcropping  south  of  Peekskill  may  be  men- 
tioned among  the  quarry  resources  of  this  region. 

The  crystalline  rocks  of  the  Adirondacks  extend  over  a great 
area,  but  their  inaccessibility  has  prevented  the  opening  of  quarries, 
except  on  the  borders.  The  varieties  found  here  include  massive 
granites,  syenites,  gabbros  and  anorthosites,  as  well  as  gneissoid 
phases  of  each. 

Building  and  monumental  stone  is  quarried  quite  largely 
in  Jefferson  county.  Grindstone  island,  in  the  St  Lawrence 
river,  is  noteworthy  as  a locality  for  red  granite  of  very  attractive 
appearance.  The  latter  has  a coarsely  crystalline  texture,  takes 
a lustrous  polish,  and  on  account  of  its  deep  red  color  has  been 
employed  as  a substitute  for  the  Scotch  granite.  It  is  used  for 
building  and  decorative  purposes  in  many  of  the  western  cities  and 
in  Canada. 

Production  of  granite  in  1904 


County 

Building 

stone 

Monumental 

Crushed 

stone 

Rubble, 

riprap 

Paving, 

curbing 

Jefferson 

Orange^ 

Westchester 

Elsewhere 

Total 

$i  750 
62  500 

24  550 

500 

$6  662 
200 
400 
4 000 

S13  095 

7c  200 

$460 
30  000 
300 

$7  265 

$89  300 

$ii  262 

$30  295 

$83  760 

$7  265 

At  Little  Falls,  Herkimer  co.,  there  is  an  outlier  of  the  Adiron- 
dack syenite  which  is  worked  to  some  extent.  In  Fulton  county 
quarries  have  been  opened  at  Mayfield  and  Northville,  in  Lewis 
county  near  Port  Leyden  and  in  Franklin  county  at  St  Regis 
Falls. 

Anorthosite  was  quarried  at  one  time  near  Keeseville,  Essex 
CO.  The  stone  has  a handsome  chatoyant  appearance  when 
polished,  and  is  adapted  for  monumental  and  decorative  work. 

The  total  value  of  the  products  from  the  granite  quarries  of 
the  State  amounted  in  1904  to  $221,882.  Of  this  sum  building 
stone  accounted  for  $89,300;  crushed  stone  for  $83,295;  rubble 
and  riprap  for  $30,760  and  monumental  stone  for  $11,262.  The 
remainder  amounting  to  $7265,  represented  the  value  of  paving 


Uncludes  Rockland  county. 
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blocks  and  curbstone.  Westchester  county  was  the  argest 
producer  with  an  output  valued  at  $125,150.  The  value  of  the 
production  in  the  other  counties  was  as  follows:  Orange  and 

Rockland  $83,520;  Jefferson  $8412;  Clinton  and  Fulton  $4800. 

Limestone 

The  limestone  quarries  are  the  most  important  in  New  York 
State.  Compared  with  sandstone,  which  ranks  second  in  value 
of  output,  limestone  is  not  especially  prominent  as  a building 
material,  but  it  is  more  generally  used  as  road  metal  and  concrete. 
Its  wide  occurrence,  in  connection  with  its  natural  fitness  for  the 
purpose,  has  favored  the  development  of  an  extensive  crushed 
stone  trade  that  covers  nearly  every  section  of  the  State.  The 
manufacture  of  lime  also  calls  for  a large  part  of  the  product. 

Distribution.  Among  the  geologic  formations  of  the  New 
York  series,  limestone  appears  frequently ^ In  the  Precambrian 
strata  of  the  Adirondacks  and  in  southeastern  New  York  it  has 
been  metamorphosed  and  has  the  crystalline  character  of  marble. 
The  noncrystalline  limestones,  to  which  the  present  discussion 
is  limited,  are  associated  with  the  Lower  Siluric,  Upper  Siluric 
and  Devonic  systems.  Those  chiefly  exploited  will  be  briefly 
described. 

The  Beekmantown  limestone  or  calciferous  sandrock,  as  it 
has  been  commonly  called,  occurs  in  isolated  areas  along  the 
Mohawk  and  Champlain  valleys.  There  are  quarries  in  Warren, 
Montgomery,  Fulton  and  Herkimer  counties.  It  is  a fine  grained, 
massive  stone  of  grayish  color  and  normally  contains  more  or  less 
magnesia.  This  constituent  sometimes  occurs  in  sufficient  amount 
to  characterize  the  rock  as  dolomite.  Owing  to  its  prevailing 
silicious  nature,  the  limestone  can  seldom  be  used  for  other  than 
building  purposes. 

The  Chazy  limestone  is  of  local  importance.  It  is  found  along 
a narrow  belt  bordering  the  Adirondacks  from  Saratoga  county 
north  to  Clinton  county.  In  composition  it  is  a typical  lime- 
stone, containing  little  magnesia  or  impurities.  For  this  reason 
it  is  adapted  to  the  manufacture  of  lime.  The  stone  has  a finely 
crystalline  texture,  and  at  Chazy  and  Plattsburg  has  been  quarried 
for  marble.  It  supplies  also  some  building  stone  and  furnace 
flux. 

In  the  Mohawkian  or  Trenton  group  are  included  the  Lowville 
(Birdseye),  Black  river  and  Trenton  limestones,  which  occupy 

iPor  fuller  details  as  to  the  distribution  and  character  of  the  limestones  of  New  York  refer- 
ence is  made  to  State  Museum  Bulletin  44,  Lime  and  Cement  Industries  of  New  York,  by  Hein- 
rich Ries.  - — 
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a large  area  and  possess  considerable  economic  value.  They  occur 
in  the  Champlain  valley,  but  mostly  on  the  Vermont  side,  and  on 
the  southern  and  western  borders  of  the  Adirondacks.  From 
the  Mohawk  valley  at  Little  Falls  they  form  a belt  that  extends 
northwesterly  with  gradually  increasing  width  to  the  St  Lawrence 
river.  The  area  on  the  eastern  side  of  Lake  Champlain  is  continued 
southward  into  Washington  county.  The  limestone  varies  some- 
what in  character  according  to  locality  and  geologic  position. 
It  is  often  highly  fossiliferous.  The  lower  part  of  the  group  or 
Lowville  formation  is  a heavy  bedded  limestone,  but  the  upper 
beds  commonly  contain  more  or  less  shale.  The  color  ranges 
from  light  gray  to  almost  black.  It  sometimes  shows  incipient 
metamorphism  and  has  a crystalline  texture.  The  Trenton 
limestones  are  quarried  in  Clinton,  Washington,  Montgomery, 
Fulton,  Herkimer,  Oneida,  Lewis  and  Jefferson  counties.  The 
product  is  used  for  building  and  road  material  and  common  masonry. 
A part  is  also  burned  into  lime.  At  Glens  Falls,  Trenton  limestone 
is  emplpyed  for  the  manufacture  of  Portland  cement. 

The  next  group  of  limestones  in  ascending  order  is  the  Niagaran, 
which  comprises  the  Lockport  and  Guelph  formations.  The  latter 
is  a typical  dolomite,  fine  grained  and  of  grayish  color.  It  occupies 
a limited  area  in  Monroe  and  Orleans  counties,  and  is  quarried 
near  Rochester.  It  has  been  used  for  lime.  The  lower  member 
of  the  group,  the  Lockport  dolomite,  outcrops  in  a continuous 
belt  several  miles  wide  from  Niagara  Falls  east  to  Onondaga  countv 
and  then  with  diminishing  width  across  Madison  county.  Like 
the  Guelph  it  contains  magnesia,  and  this  component  may  be 
present  in  sufficient  quantity  to  make  it  a dolomite.  The  lower 
part  is  usually  silicious,  grading  into  shale.  The  upper  portion 
which  is  heavy  bedded  is  adapted  for  building  material,  road  metal, 
lime,  etc.  There  are'quarries  around  Niagara  Falls  and  Lockport. 
It  is  also  worked  at  Rochester  and  to  some  extent  in  Wavne, 
Onondaga  and  Madison  counties. 

The  Cayugan  group  with  its  several  members  is  noteworthy 
economically,  as  it  contains  the  valuable  gypsum  and  salt  deposits 
besides  the  hydraulic  limestones  that  are  utilized  for  cement. 
The  basal  strata,  comprising  the  Salina  stage,  are  mostly  shales, 
though  they  are  interbedded  with  thin  layers  of  dolomitic  lime- 
stones. In  the  Cobleskill,  Rondout  and  Manlius  stages,  lime- 
stones prevail.  In  the  Rosendale  district  of  Ulster  coimty  they 
have  furnished  large  quantities  of  material  for  the  manufacture 
of  natural  rock  cement,  and  they  are  the  source  of  the  cement 
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rock  in  Onondaga  and  Schoharie  counties.  The  purer  limestones 
of  the  group  are  employed  in  Onondaga  county  for  lime  making. 

At  the  base  of  the  Devonic  system,  the  Helderbergian  group 
is  prominent  for  its  limestones.  The  latter  are  strongly  developed 
along  the  Hudson  river  in  Albany,  Columbia,  Greene  and  Ulster 
counties.  The  Coeymans  or  Lower  Pentamerus  formation  affords 
rock  suitable  for  lime,  building  stone  and  road  material,  while  the 
Becraft  or  Upper  Pentamerus  is  employed  as  an  ingredient  of 
Portland  cement  and  for  furnace  flux.  There  are  quarries  at 
Hudson,  Rondout,  South  Bethlehem  and  Catskill. 

Of  the  remaining  formations  represented  in  New  York,  the 
Onondaga  is  the  only  one  that  is  of  much  importance  for  lime- 
stone quarries.  It  outcrops  in  Orange,  Ulster,  Greene  and  Albany 
counties,  and  is  exposed  quite  continuously  through  the  middle 
and  western  part  of  the  State.  Building  stone  and  lime  are  the 
principal  products.  Quarries  have  been  opened  at  Kingston,  Split- 
rock  (near  Syracuse),  Auburn,  Waterloo,  Seneca  Falls,  Leroy  and 
Buffalo,  and  many  other  places. 

Production  of  limestone 

The  value  of  the*  limestone  quarried  in  New  York  during  1904 
amounted  to  $2,058,405.  This  is  exclusive  of  the  limestone  used 
in  making  Portland  and  natural  cement,  for  which  no  statistics 
have  been  collected.  There  were  35  counties  that  reported  an 
output  with  157  quarries  in  all. 

Production  of  limestone  in  1904 


Material 

Quantity 

Value 

Crushed  stone  (cubic  yards) 

I*  471  305 
494  883 
140  198 

$994  475 
678  225 
75  419 
248  647 
22  230 

6 253 
33  156 

Lime  made  (short  tons) 

Furnace  flux  (long  tons) 

Building  stone 

Rubble  riprap 

Flae’Sfine:.  curbing: 

Miscellaneous 

Total 

$2  058  40S 

Crushed  stone,  for  road  metal,  concrete  and  other  purposes, 
represented  the  largest  item  in  the  production,  the  value  of  this 
material  being  $994,475,  or  48%  of  the  total.  The  manufacture 
of  lime  was  second  in  importance  with  a yield  valued  at  $678,225. 
Building  stone  was  quarried  to  the  extent  of  $248,647.  The  re- 
maining uses  reported  for  the  product  were  furnace  flux,  which 
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amounted  in  value  to  $75,419 ; rubble  and  riprap,  amounting  to 
$22,230,  and  flagging  and  curbing  amounting  to  $6253. 
dition  there  were  quarried  miscellaneous  materials,  not  classified 
in  the  returns,  with  a combined  value  of  $33,156. 

Of  the  crushed  stone  a total  of  443,037  cubic  yards  valued  at 
$318,383  was  reported  as  used  for  road  material.  These  figures, 
however,  do  not  represent  the  whole  amount  employed  for  that  pur- 
pose, as  many  of  the  producers  were  unable  to  classify  their  output. 

The  returns  received  show  that  Onondaga  county  has  the  largest 
quarrying  industry.  The  total  product  in  1904  amounted  in  value 
to  $344,817,  and  was  reported  by  15  companies.  The  manufacture 
of  lime  is  particularly  important  in  the  county,  due  mainly  to 
the  operations  of  the  Solvay  Process  Co.  Erie  county  with  13 
active  quarries  made  an  output  valued  at  $295,722,  consisting 
principally  of  building  and  crushed  stone.  The  value  of  the 
production  in  Westchester  county  which  ranked  third  in  the  list, 
was  $255,972,  made  by  three  companies.  The  other  counties 
that  reported  a value  exceeding  $100,000  were  Genesee  ($222,702), 
Rockland  ($194,154)  and  Ulster  ($150,055). 


Production  of  limestone  by  counties 


County 

Crushed 

stone 

Lime 

made 

Furnace 

flux 

Building 

stone 

Other 

uses 

Total 

Albany 

Cayuga 

Clinton 

Dutchess 

$47  872 
13  864 
10  666 

12  383 
170  509 

6 840 
150  210 

150 

7 570 
7 595 

27  035 
81 

15  727 

16  387 
41  481 

194  154 

2 600 
33  151 

13  181 
9 317 

442 
10  1 10 
182  372 
20  778 

$i  125 
80 

55  175 

$i  000 
4 019 

$700 
12  432 
I 950 
187 

108  411 

$500 
16  500 
2 750 

$50  197 
43  876 
74  560 
12  570 
295  722 

8 340 
222  702 

9 232 
94  352 

10  720 
35  085 

8 103 
30  402 

17  887 
344  817 
194  154 

16  974 
34  651 
40  792 

11  937 
150  055 

46  1 10 

255  972 
49  19S 

Erie 

Fulton 

400 
I 500 
4 500 
8 582 
60  580 

609 

15  793 

Genesee 

Herkimer 

Jefferson 

Madison 

64  299 

3 500 
500 
20  096 

125 

6 050 

7 022 
6 300 
I 500 

22  333 

193 

6 106 
3 000 

2 000 
I 000 

3 875 

Monroe 

Montgomery 

Niagara 

Oneida 

4 500 

Onondaga 

Rockland 

275  923 

2 525 

2 555 

St  Lawrence 

Saratoga 

8 100 

2 924 
I 500 
24  495 

3 350 

Schoharie 

Ulster 

312 
2 620 
131  800 
36  000 
72  800 
14  228 

24 

2 780 

W arren 

Washington 

Westchester 

Other  countiesa. . 

Total 

17  813 

800 

2 143 

10  809 

I 237 

$994  475 

$678  225 

$75  419 

$248  647 

$61  639 

$2  058  40S 

a Includes  Allegany,  Columbia,  Essex,  Greene.  Lewis,  Ontario,  Orange,  Orleans,  Rensselaer, 
Seneca,  Wayne  and  Yates. 
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Lime.  There  were  40  firms  that  reported  an  output  of  lime- 
stone (including  marble)  for  lime  burning,  either  as  a main  product 
or  in  connection  with  the  quarrying  of  other  materials.  The 
greater  portion  of  the  limestone  was  converted  by  the  companies 
operating  the  quarries.  In  all  21  counties  participated  in  the 
production.  The  total  quantity  burned  to  lime  amounted  to 
494,883  short  tons,  of  which  381,974  short  tons,  or  77%  was  reported 
by  four  companies  in  Onondaga  county.  Warren  county  made 
32,000  tons;  Westchester  28,000;  Jefferson  17,403;  Clinton 
15,873;  and  Washington  county,  9000  tons.  The  remaining 
counties  were  small  producers. 

The  value  given  for  lime  in  the  foregoing  table  is  considerably 
less  than  the  ruling  commercial  price  for  the  year.  This  is  due  to 
the  fact  that  the  Solvay  Process  Co.,  the  chief  producer  in  the  State, 
has  placed  a nominal  valuation  on  its  output,  all  of  which  is  used 
as  a reagent  in  the  manufacture  of  soda  products.  Disregarding 
the  quantity  thus  consumed,  the  average  value  of  the  lime  made 
during  the  year  was  $3.54  a short  ton. 

Crushed  stone.  The  use  of  limestone  for  crushing  has  grown 
to  enormous  proportions.  The  total  output  in  1904  amounted  to 
no  less  than  1,471,305  cubic  yards.  There  were  28  counties  repre- 
sented in  the  returns  received.  The  principal  producing  counties 
with  the  quantity  made  by  each,  in  yards,  were  as  follows:  West- 
chester, 302,045;  Erie,  286,658;  Rockland,  258,873;  Genesee, 
252,224;  Albany,  80,503  and  Onondaga,  61,552.  The  price  re- 
ceived for  the  material  used  in  road  making  averaged  72  cents  a 
cubic  yard. 

Building  stone.  The  quarrying  of  building  stone  was  less  active 
during  1904  than  in  the  previous  year.  The  demand  showed  a 
marked  decline,  due  principally  to  the  labor  troubles  prevailing 
in  the  building  trades.  Very  few  of  the  quarries  ship  any  quantity 
of  stone  to  points  without  the  State,  so  that  the  industry  must 
depend  for  its  support  on  the  local  markets.  An  improvement  in 
the  latter  has  already  been  manifested,  and  if  continued  it  will 
doubtless  exert  a favorable  influence  on  quarrying  operations 
during  the  current  year. 

Erie  county  is  the  largest  producer  of  liniestone  for  building 
purposes.  Its  output  in  1904  was  valued  at  $108,411  and  was 
reported,  for  the  most  part,  by  quarries  in  the  vicinity  of  Buffalo. 
Jefferson,  Onondaga  and  Schoharie  counties  each  made  an  output 
valued  at  over  $20,000. 
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Marble 


Building  and  ornamental  marbles  occur  extensively  on  the 
borders  of  the  Adirondacks  and  in  the  metamorphic  region  of 
southeastern  New  York.  Along  Lake  Champlain  there  are  several 
localities  where  quarries  have  been  opened  and  operated  in  the  past, 
but  the  production  from  this  section  is  not  now  of  much  impor- 
tance. The  dove-colored  “Lepanto”  and  the  “French  Gray” 
marbles  found  near  Plattsburg  and  the  verd-antique  marbles  of 
Port  Henry  and  Thurman  are  the  varieties  best  known.  At 
Glens  Falls  a black  marble  which  takes  a brilliant  polish  and  is  in 
demand  for  decorative  purposes  has  been  quarried  for  a number  of 
years.  On  the  western  side  of  the  Adirondacks  a large  quarrying 
industry  has  been  developed  around  Gouverneur ; the  product  vary- 
ing from  white  to  dark  blue  is  used  principally  for  monumental 
work.  The  white  dolomitic  marble  from  South  Dover  and  Tucka- 
hoe  in  southeastern  New  York  is  widely  employed  as  building  stone. 

The  total  production  of  marble  for  the  year  1904  was  valued 
at  $478,771.  The  output  was  divided  as  follows:  building  marble, 
rough  and  dressed,  $278,994;  monumental,  rough  and  dressed, 
$154,673;  other  purposes,  $45,104.  Most  of  the  marble  used  as 
building  material  came  from  Tuckahoe  and  South  Dover,  and 
the  remainder  was  supplied  from  Plattsburg  and  Gouverneur. 
The  last  named  locality  was  the  largest  producer  of  monumental 
marble,  its  production  for  the  year  being  valued  at  $144,934. 
In  addition  it  produced  building  and  other  grades  of  marble  valued 
at  $37,279.  The  output  classified  under  “other  purposes”  in- 
cludes crushed  stone,  rubble,  riprap,  curbing  and  marble  dust. 
The  amount  burnt  into  lime  is  reported  under  limestone. 

The  following  firms  were  active  during  1904: 


NAME 


LOCATION  OF  OFFICE 
Burlington,  Vt. 


Burlington  Marble  Co. 

Extra^Dark  Marble  Co. 

Finch,  Pruyn  & Co.  Inc. 
Gouverneur  Marble  Co. 

F.  W.  Jones  & Co. 

Peter^Leyotte 

Northern  New  York  Marble  Co. 
O’Connell  Lime  & Marble  Dust  Co. 
Rylstone  Marble  Co. 

St  Lawrence  Marble  Quarries 
South  Dover  Marble  Co. 


Gouverneur 
Glens  Falls 
Gouverneur 
Hudson 


Plattsburg 

Gouverneur 


Gouverneur 
Gouverneur 
South  Dover 


129  3d  av.  New  York 
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NAME 


LOCATION  OF  OFFICE 


Watertown  Marble  Co. 
Waverly  Marble  Co. 
White  Crystal  Marble  Co. 
D.  J.  Whitney  Marble  Co. 


Gouvemeur 

Gouverneur 


Watertown 


I Madison  av.  New  York 


At  Gouverneur  there  has  been  unusual  interest  shown  in  the 
development  and  extension  of  the  quarrying  industry  and  the 
outlook  for  the  future  is  most  encouraging.  There  were  eight 
companies  that  reported  an  output  during  the  year.  With  one 
or  two  exceptions  the  quarries  of  this  section  make  a specialty 
of  monumental  marble,  for  which  there  is  a steady  market,  while 
building  marble  is  largely  a side  product  that  is  supplied  according 
to  the  current  demand. 

The  prevailing  type  of  marble  is  light  gray  to  dark  blue  in  color. 
When  polished  it  resembles  some  of  the  gray  granites  and  has  a 
very  beautiful  appearance. 

The  Gouvemeur  Marble  Co.  has  erected  a new  mill  to  replace 
the  old  plant  which  was  destroyed  by  fire  in  July  1904.  A portion 
of  the  equipment  has  already  been  installed  and  it  will  be  increased 
till  II  gangs  are  working. 

The  property  formerly  owned  by  the  St  Lawrence  Marble  Co. 
was  transferred  to  the  St  Lawrence  Marble  Quarries  in  November. 
The  company  owns  two  quarries  and  has  one  of  the  largest  mills 
in  the  district. 

The  D.  J.  Whitney  Marble  Co.  started  its  mill  in  April  1904, 
maintaining  four  gangs  in  operation.  ^ Its  property  is  situated 
near  the  quarries  of  the  Northern  New  York  Marble  Co.,  and  both 
produce  high  grade  dark  monumental  marble.  The  mill  owned 
by  the  latter  company  is  equipped  with  10  gangs  and  includes  a 
polishing  department.  The  waste  material  is  largely  used  by  the 
Northern  Crushed  Stone  Co.,  which  operates  a crushing  plant 
near  the  quarry. 

The  Watertown  Marble  Co.  has  taken  over  the  quarry  of  Davidson 
Brothers  near  Gouvemeur  and  the  E.  E.  Stevens  quarry  at  Canton. 
Its  mill  located  at  Watertown  is  equipped  with  15  gangs  and  will  be 
enlarged  during  the  current  year.  The  company  makes  a specialty 
of  monumental  and  decorative  work. 

A new  mill  of  10  gangs  has  been  erected  at  the  quarry  recently 
opened  by  the  Rylstone  Marble  Co.  near  Gouvemeur.  Productive 
operations  were  begun  late  in  the  year.  The  company  will  give 
its  attention  chiefly  to  building  material. 

The  Clarkson  quarry  near  De  Kalb  Junction  which  has  been 
worked  under  lease  by  W.  D.  Chamberlain  has  been  transferred 
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to  the  Clarkson  Marble  Co.  It  is  intended  to  add  new  equipment 
and  to  commence  operations  during  the  present  season. 

In  the  Lake  Champlain  region  the  only  producers  have  been  Peter 
Leyotte  of  Plattsburg  and  the  Burlington  Marble  Co. 

The  Glens  Falls  Co.  of  Glens  Falls  was  succeeded  by  Finch, 
Pruyn  & Co. 

In  southeastern  New  York,  the  South  Dover  Marble  Co.,  the 
Waverly  Marble  Co.,  F.  W.  Jones  & Co.,  and  the  O’Connell  Lime 
and  Marble  Dust  Co.,  were  active.  The  last  named  company  uses 
its  output  for  manufacturing  lime  and  marble  dust. 

Sandstone 

Under  this  heading  are  included  all  sedimentary  rocks  that  are 
made  up  of  granular  quartz.  Among  the  principal  varieties  dis- 
tinguished by  textural  characters  are  sandstones  proper,  con- 
glomerates, grits  and  quartzites. 

The  wide  distribution  of  sandstones  in  the  geologic  series  of 
New  York  State  has  given  them  great  importance  as  economic 
sources  of  structural  materials,  and  in  point  of  annual  output  they 
rank  second  only  to  limestones.  Nearly  all  of  the  main  formations 
above  the  Archean  contain  sandstones  at  one  or  more  horizons. 
The  general  properties  and  occurrence  of  the  most  important  of 
these  rocks  are  here  briefly  reviewed. 

Potsdam  sandstone.  The  Potsdam  or  Upper  Cambric  is  the 
oldest  formation  in  which  quarries  have  been  opened  in  the  State. 
It  is  developed  most  extensively  on  the  borders  of  the  Adirondacks. 
In  the  Champlain  valley  it  outcrops  at  frequent  intervals  from 
Fort  Ann  northward  to  the  Canadian  boundary.  On  the  southern 
side  it  is  not  so  well  represented,  though  there  are  few  exposures, 
best  shown  in  Fulton  and  Saratoga  counties.  Along  the  northern 
edge  of  the  Adirondacks  from  Lake  Champlain  to  the  St  Lawrence 
river,  a broad  band  of  Potsdam  crosses  Clinton,  Franklin  and  St 
Lawrence  counties  and  reaches  well  into  Jefferson.  It  is  in  this 
section,  chiefly  around  Potsdam,  that  the  largest  quarries  have 
been  opened. 

The  Potsdam,  typically,  is  an  even  grained  sandstone  of  reddish 
color,  hard  and  compact.  Owing  to  the  cementation  of  the  com- 
ponent grains  by  secondary  deposition  of  quartz,  it  combines  great 
strength  with  low  absorptive  powers,  making  it  one  of  the  most 
durable  building  stones  known.  The  comparative  isolation  of  the 
quarries  from  the  large  cities  and  the  slightly  increased  cost  of 
dressing  the  stone  due  to  its  abnormal  hardness  have  operated. 
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however,  to  restrict  the  market  for  Potsdam  sandstone  notwith- 
standing its  excellent  qualities. 

Hudson  river  sandstone.  The  Hudson  river  series  which  was 
once  assigned  a definite  position  in  the  geologic  scale  is  now  recog- 
nized to  be  a complex  of  beds  ranging  from  middle  Trenton  to 
Lorraine  age.  Inasmuch  as  the  various  horizons  have  not  been 
delimited  yet  on  the  map,  the  name  may  be  conveniently  retained 
in  its  former  areal  significance. 

The  rocks  belonging  to  this  group  are  found  in  the  Hudson  river 
valley  from  the  Highlands  northward  to  Glens  Falls  and  along 
the  Mohawk  to  Oneida  county  whence  they  extend  around  the 
western  Adirondacks  through  Lewis  into  Jefferson  and  Oswego 
counties.  Shales,  slates,  sandstones  and  conglomerates  are  repre- 
sented. The  sandstones  are  usually  thinly  bedded,  argillaceous 
and  of  grayish  color.  They  have  little  importance  except  for  local 
markets  and  their  use  is  mostly  limited  to  rubble  and  common 
masonry  work.  No  large  quarries  supplying  this  stone  are  in 
steady  operation  at  present. 

Medina  sandstone.  The  Medina  formation  comprises  a great 
thickness  of  sandstones  extending  in  a wide  belt  from  the  central  part 
of  Oneida  county  westward  along  the  border  of  Lake  Ontario  to 
Niagara  river.  A smaller  area  outcrops  in  Orange  and  Ulster 
counties.  The  stone  is  usually  gray,  red  or  mottled  in  color  with 
medium  to  coarse  texture.  It  shows  fair  crushing  strength  and  is 
an  attractive  building  stone.  The  quartz  grains  are  partially 
replaced  at  times  by  decomposed  feldspar  but  seldom  in  such  an 
amount  as  to  injure  the  quality  of  the  stone. 

The  fiat,  even  bedding  and  the  regular  jointing  which  usually 
characterize  the  Medina,  facilitate  its  working,  while  its  occurrence 
in  a populous  district  has  promoted  the  growth  of  a large  quarrying 
industry.  The  most  productive  field  of  operations  lies  on  the 
southern  edge  of  the  belt  and  extends  from  Brockport,  Monroe  co., 
through  Holley,  Hulberton,  Hindsburg,  Albion,  Eagle  Harbor, 
Medina  and  Shelby  Basin,  Orleans  co.,  to  Lockport  and  Lewiston, 
Niagara  co.  Albion,  Hulberton  and  Medina  are  the  chief  quarrying 
centers  at  present.  The  quarries  are  well  equipped  and  their 
combined  capacity  largely  exceeds  the  output.  There  is  a wide 
demand  for  the  stone  as  building  material,  though  the  market  has 
been  curtailed  to  some  extent  in  recent  years  by  active  competition 
with  the  Berea  sandstone  of  Ohio.  It  finds  employment  also 
for  curbing  and  flagging  and  specially  for  paving  blocks  for  which 
purpose  it  takes  the  place  of  granite  and  trap. 
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Devonic  sandstones.  The  Hamilton,  Portage,  Chemung  and 
Catskill  formations  of  the  Upper  Devonic,  comprise  alternating 
beds  of  sandstones  and  shales  that  are  developed  in  great  strength 
throughout  the  central  and  southern  parts  of  the  State/  Their 
northern  limit  is  approximately  defined  by  a line  beginning  near 
the  Hudson  river,  a few  miles  below  Albany,  and  extending  north 
of  west  in  a broad  curve  to  a short  distance  south  of  Syracuse  and 
thence  almost  directly  westward  to  Lake  Erie.  On  the  east  they 
follow  the  Hudson  valley  from  Albany  county  to  near  Kingston, 
in  Ulster  county,  where  they  bend  to  the  southwest  and  continue 
in  this  direction  till  they  enter  Pennsylvania.  The  sandstone 
from  these  formations  is  popularly  known  as  bluestone,  a name 
first  applied  to  the  Ulster  county  stone  on  account  of  its  color. 
Though  the  original  significance  can  no  longer  be  claimed  for  the 
name  as  used  commercially,  the  more  or  less  persistent  characters 
of  Devonic  sandstones  and  their  employment  for  common  pur- 
poses warrant  the  adoption  of  some  such  collective  terni. 

Quarries  have  been  opened  at  various  localities  within  the  above 
defined  area.  The  region  which  has  undergone  most  active  opera- 
tions, however,  is  that  on  the  southeast  which  is  more  favorably 
situated  in  relation  to  markets  and  convenience  of  transport.  The 
greater  number  of  quarries  have  been  opened  on  the  eastern  slopes 
of  the  Catskills,  in  the  outlying  ridges  between  the  latter  and  the 
Hudson  river  and  in  the  hills  bordering  the  Delaware  river.  This 
district  includes  parts  of  Albany,  Greene,  Ulster,  Sullivan,  Delaware 
and  Broome  counties.  As  a rule  the  industry  is  carried  on  by  small 
operators  who  sell  their  product  to  dealers  located  in  the  neighbor- 
ing towns  along  the  Hudson  river  and  the  Erie  and  Ontario  & 
Western  railroads.  Among  the  chief  shipping  points  are  Catskill, 
Greene  co. ; Saugerties  and  Kingston,  Ulster  co. ; Walton,  Hancock, 
Lordville,  Hale  Eddy  and  Fishs  Eddy,  Delaware  co.;  Rockland, 
Livingston  Manor  and  Long  Eddy,  Sullivan  co.;  and  Deposit, 
Broome  co. 

In  addition  to  this  region  there  are  many  localities  in  the  central 
and  western  counties  of  the  State  which  produce  bluestone.  A 
large  output  is  made  around  Oxford  and  Norwich,  Chenango  co. 
and  Rock  Glen,  Wyoming  co.  Among  other  places,  quarries  have 
been  opened  at  Ithaca,  Trumansburg,  Kings  Ferry,  Portageville, 
Amity  and  Scio. 

In  its  prevailing  type,  bluestone  is  even  bedded,  compact,  fine 
grained  and  dark  blue  or  bluish  gray  in  color.  It  splits  easily  along 

iThe  sandstones  of  this  region  have  been  treated  very  fully  in  Museum  Bulletin  61,  by  Harold 
T.  Dickinson. 
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the  bedding  planes  and  is  particularly  adapted  for  flagstones, 
curbing  and  house  trimmings  and  other  purposes  for  which  a 
smooth  surface  is  desirable.  It  lends  itself  readily  to  mill  treat- 
ment. More  than  one  half  of  the  annual  output  is  sold  in  the 
form  of  flag  and  curbstone  and  most  of  the  remainder  as  building 
material,  including  both  rough  and  dressed. 

The  bluestone  from  this  region  finds  its  largest  market  in  the 
cities  along  the  Atlantic  seaboard.  The  product  from  the  Hudson 
river  district  is  transported  by  barges  to  New  York,  Philadelphia, 
Boston  and  intervening  points.  The  output  of  Delaware,  Sullivan 
and  Broome  counties  goes  in  part  to  New  York,  Philadelphia  and 
vicinity  and  in  part  to  the  interior  cities  of  the  State.  It  is  handled 
mainly  by  the  Erie  and  the  Ontario  & Western  railroads.  The 
other  quarries  depend  mostly  on  local  markets  for  the  sale  of  their 
output. 

Production  and  trade  in  1904 

The  total  value  of  the  sandstone  quarried  in  New  York  last  year 
was  $1,896,697.  This  output  was  distributed  among  31  counties 
with  an  aggregate  of  over  400  producers.  Classified  as  to  uses  the 
total  was  distributed  as  follows:  building  stone,  rough  and  dressed, 
$637,607;  curbing  and  flagging,  $902,027;  paving  blocks,  $293,252; 
crushed  stone,  $27,583  ; rubble,  $14,736;  all  other  purposes,  $21,492. 
The  crushed  stone  amounted  approximately  to  34,948  cubic  yards 
of  which  13,400  yards,  valued  at  $10,665,  was  for  road  material 
and  20,548  yards,  valued  at  $16,918,  for  concrete,  railroad  ballast, 
etc.  It  has  not  been  possible  to  separate  the  building  stone  accord- 
ing to  the  amount  sold  rough  and  dressed  or  to  report  the  flagging 
and  curbing  separately,  owing  to  the  fact  that  many  of  the  quarry- 
men  keep  no  detailed  account  of  their  operations. 

The  following  table  shows  the  value  of  the  production  of  sand- 
stone in  1904  distributed  among  the  leading  districts  of  the  State. 
It  also  indicates  the  relative  proportion  of  bluestone  to  the  other 
sandstones  that  were  quarried. 
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Production  of  sandstone  in  1904 


District 

Building 

stone 

Curbing 

and 

flagging 

Paving 

blocks 

Crushed 

stone 

Rubble, 

riprap 

All 

other 

Bluestone 

Hudson  river 

Delaware  river. . . 
Chenango  county . 
W yoming  county . 
Other  districts. . . . 

$99  114 
117  806 
85  710 
175  072 
4 390 

$352  249 
310  913 
24  100 
300 
16  255 

S13  394 

$i  390 

$3  218 

500 

100 

$44 

5 043 

I 000 
I 502 
163 

Total  bluestone. 

$482  092 

$703  817 

$13  394 

$i  390 

$3  818 

$7  752 

Sandstone 
Orleans  county . . . 

$115  000 

$185  526 

$274  846 

$i  900 

$ii  500 

Other  districts. . . . 

40  5 IS 

12  684 

5 012 

$26  193 

9 018 

2 240 

Total  sandstone 

$155  515 

$198  210 

$279  858 

$26  193 

$10  918 

$13  740 

Combined  total 

$637  607 

$902  027 

$293  252 

$27  583 

$14  736 

$21  492 

The  value  of  bluestone  quarried  for  all  purposes  in  1904  was 
$1,212,263  or  approximately  64%  of  the  total  sandstone;  the  value 
of  other  sandstones  quarried  was  $684,434  or  36%  of  the  total. 

The  production  of  bluestone  by  districts  was  as  follows : Hudson 
river,  $464,801;  Delaware  river,  $436,980;  Wyoming  county, 
$177,374;  Chenango  county,  $110,810;  elsewhere,  $22,298.  Of 
the  sandstone  quarried  Orleans  county  reported  an  output  valued 
at  $588,772  and  other  counties  an  output  valued  at  $95,662. 

A more  detailed  classification  of  the  product  that  would  cover 
each  county  separately  has  been  found  impracticable,  since  many 
of  the  large  companies  who  operate  quarries  at  several  localities 
are  unable  to  divide  their  output  according  to  the  different  sources. 
The  relative  rank  of  the  principal  counties  of  the  State,  was,  how- 
ever, as  follows  in  the  order  of  their  importance:  Orleans,  Ulster, 
Delaware,  Wyoming,  Sullivan,  Chenango  and  St  Lawrence. 

The  foregoing  table  shows  that  of  the  bluestone  quarried  along 
the  Hudson  river,  in  Albany,  Greene  and  Ulster  counties,  about 
75%  in  value  was  sold  as  curbstone  and  flagstone  and  about  22% 
as  building  stone.  In  the  Delaware  river  districts,  including  Sulli- 
van, Delaware  and  Broome  counties,  the  value  of  the  flagstone  and 
curbstone  sold  amounted  to  70%  and  building  stone  to  27%  of  the 
total.  In  Chenango  and  Wyoming  counties,  on  the  other  hand, 
almost  the  entire  output  was  marketed  as  building  stone,  the  value 
of  flagstone  and  curbstone  being  less  than  6%  of  the  total  sales. 
The  output  of  Medina  sandstone  in  Orleans  county  was  used  chiefly 
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for  the  following  purposes:  building  stone,  20%;  flagging  and 
curbing,  32%  and  paving  blocks,  47%. 

Trade  notes.  The  Medina  Quarry  Co.,  the  largest  operator  in 
the  Medina  district,  was  succeeded  during  1904  by  the  Orleans 
County  Quarry  Co.  with  offices  at  Albion.  The  former  company 
was  organized  in  1902  and  took  over  a number  of  quarries  with  a 
view  of  combining  their  operations.  The  quarries  are  located  at 
Albion,  Medina,  Eagle  Harbor,  Holley  and  Hulberton.  Among 
the  products  sold  are  building  stone,  flagstone,  curbstone  and 
paving  blocks. 

There  have  been  few  changes  of  note  in  the  bluestone  trade. 
With  some  exceptions  the  quarrying  is  done  by  small  concerns 
employing  but  few  men  and  their  operations  are  more  or  less  of 
transitory  character.  Nearly  all  of  the  product  from  the  Hudson 
river  and  the  Delaware  river  regions  is  handled  by  dealers  who  also 
own  or  lease  much  of  the  land  on  which  the  quarries  are  located. 

The  principal  dealers  along  the  Hudson  river  who  market  most 
of  the  product  from  Ulster  and  Greene  counties  are  the  following: 


NAME 

Hudson  River  Bluestone  Co. 

John  Maxwell’s  Sons 
Smith  & Yeager 

Ulster  and  Delaware  Bluestone  Co. 

In  Delaware,  Sullivan  and  Broome 


LOCATION  OF  OFFICE 

Rondout 

Saugerties 

Catskill 

Kingston 

counties,  comprising  the 


Delaware  river  region,  the  leading  dealers  and  quarriers  are: 


NAME 

E.  J.  Cotter 
Deposit  Stone  Co. 

George  W.  Kazenstein 
Kirkpatrick  Bros. 

Sutton  & Connor 
P.  J.  Maden 
James  Nevins’  Sons 
Cyrus  Peak 
Randall  Bros. 

John  Rhodes 
Standard  Bluestone  Co. 

Travis  & Kingsbury 

The  producers  in  other  districts  of  the 
important  firms: 


LOCATION  OF  OFFICE 

Hancock 

Deposit 

Hancock 

Hancock 

Walton 

Deposit 

Fishs  Eddy 

Long  Eddy 

Hancock 

East  Branch 

Jersey  City  N.  J. 

Hale  Eddy 

State  include  the  following 


THE  MINING  AND  QUARRY  INDUSTRY 


967 


Cusack  & Murray 
Dunn  & Mead 
F.  G.  Clarke  Bluestone  Co. 
American  Bluestone  Co. 
Warsaw  Bluestone  Co. 
Theodore  Woods 
Genesee  Valley  Bluestone  Co. 
Driscoll  Brothers  & Co. 

Peter  O’Hara 


NAME 


LOCATION  OF  OFFICE 

Kings  Ferry 


Oxford 

Oxford 

Warsaw 

Warsaw 

Norwich 


Bluestone 

Ithaca 

Trumansburg 


The  general  condition  of  the  quarrying  industry  during  1904  has 
been  fairly  satisfactory.  The  demand  for  structural  stone  was 
somewhat  below  normal,  as  in  the  previous  year,  for  which  the 
depression  prevailing  in  the  building  trade  in  the  larger  cities  was 
responsible.  An  improvement  in  the  demand  will  probably  mani- 
fest itself  during  the  present  year.  The  bluestone  market,  on  the 
other  hand,  was  active  and  absorbed  an  unusually  large  output. 


The  basic  dike  rocks,  commonly  called  trap,  are  found  at  numer- 
ous places  throughout  the  Adirondacks  and  adjacent  territory. 
The  largest  area  in  the  State,  however,  is  that  which  outcrops 
along  the  lower  Hudson  southward  from  Haverstraw,  constituting 
the  remarkable  scenic  feature  known  as  the  Palisades.  This  ridge 
crosses  the  Rockland  county  line  into  New  Jersey,  but  appears 
again  on  the  north  shore  of  Staten  Island.  The  trap  is  a dark, 
fine  grained,  crystalline  aggregate  of  plagioclase,  augite  and  mag- 
netite. It  properly  belongs  to  the  diabase  rock  group.  It  is 
exceedingly  hard  and  tough,  and,  unlike  most  granitic  rocks, 
shows  little  tendency  to  rifting  or  parting  along  planes  of  weak- 
ness, so  that  it  is  admirably  adapted  for  paving  blocks  and  road 
metal,  of  which  the  ability  to  withstand  constant  wear  is  an  es- 
sential feature.  Though  the  rock  has  been  used  to  some  extent 
in  buildings,  it  is  too  unyielding  in  the  quarry  to  be  extensively 
employed  for  that  purpose. 

The  principal  quarries  of  trap  are  those  at  Rockland  Lake, 
operated  by  the  Clinton  Point  Stone  Co.  and  the  Rockland  Lake 
Trap  Rock  Co.,  those  at  Upper  Nyack  and  Haverstraw  worked 
by  the  Manhattan  Trap  Rock  Co.,  and  the  Long  Clove  Trap  Rock 
Co.,  respectively,  and  the  quarries  at  Port  Richmond,  Staten 
Island,  worked  by  the  Quinroy  Contracting  Co.  Each  company 
operates  crushing  plants  in  connection  with  the  quarries.  The 


Trap 
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crushed  stone  is  used  for  road  metal,  concrete,  railroad  ballast, 
etc.  A test  of  the  trap  from  Rockland  Lake  made  in  the  laboratory 
for  road  material  at  Washington  D.  C.  gave  the  following  re- 
sults: Coefficient  of  wear,  13.2;  per  cent  of  wear,  3;  weight 

in  pounds  a cubic  foot,  192.5;  pounds  of  water  absorbed  a cubic 
foot,  .3;  cementing  value,  80. 

The  production  of  trap  rock  in  New  York  last  year  was  valued 
at  $468,496.  Of  this  total,  $452,621  represented  the  value  of 
crushed  stone,  and  $15,875  the  value  of  paving  blocks  and  building 
stone.  The  total  quantity  of  crushed  stone  made  was  610,285 
cubic  yards,  of  which  280,516  cubic  yards  was  reported  as  sold 
for  road  metal,  while  the  remainder  was  unclassified.  The  paving 
blocks  were  quarried  on  Staten  Island. 

TALC 

No  important  developments  in  the  talc  industry  of  St  Lawrence 
county  were  recorded  during  1904.  The  mines  and  mills  have  been 
working  at  a normal  rate,  in  accordance  with  the  market  demand 
for  the  product,  which  was  of  average  character  as  compared 
with  previous  years.  With  existing  facilities  the  output  could 
be  increased  to  much  larger  than  present  proportions  so  that  there 
is  little  incentive  to  start  new  enterprises  in  this  field. 

The  market  for  fibrous  talc  is  limited  almost  entirely  to  the  re- 
quirements of  paper  manufacturing,  and  since  it  scarcely  seems 
probable  that  the  other  uses  can  be  augmented  to  any  great  ex- 
tent, the  demand,  doubtless,  will  continue  to  be  governed  by  the 
conditions  prevailing  in  that  industry.  So  far  as  the  American 
paper  trade  is  concerned,  St  Lawrence  talc  has  become  a staple 
article,  but  there  is  still  some  room  for  extending  the  foreign 
consumption,  particularly  in  Great  Britain  where  manufacturers 
have  been  slow  to  recognize  its  advantages  over  other  fillers. 
Germany  is  the  best  of  foreign  markets  and  large  quantities  of  the 
product  are  exported  annually  to  that  country.  That  it  can 
compete  successfully  with  the  high  grade  German  clays  sold  at 
lower  prices  lends  encouragement  to  the  view  that  the  exports 
may  be  further  increased. 

The  superior  qualities  of  talc  from  this  region  are  primarily 
due  to  its  fibrous,  pliable  character.  Thus  in  paper  making  it 
not  only  serves  as  a filler,  but  the  fibers  felt  together  and  strengthen 
the  paper  stock.  A much  larger  proportion  of  fibrous  talc  can  be 
incorporated  in  the  pulp  than  is  possible  with  clay  or  other  ma- 
terials composed  of  scaly  or  rounded  particles.  Among  the  chief 
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consumers  are  manufacturers  of  book,  writing  and  wall  papers. 
The  mills  making  newspaper  use  relatively  smaller  quantities 
than  is  generally  supposed.  It  is  stated  that  some  prejudice  exists 
on  their  part  against  talc  from  this  region  owing  to  the  grit  which 
is  usually  present.  This  impurity  is  objectionable  for  the  reason 
that  it  increases  the  wear  of  the  machines,  particularly  when 
run  at  high  speed,  as  in  newspaper  mills. 

The  production  of  talc  in  1904  amounted  to  65,000  short  tons. 
The  average  selling  price  at  Gouverneur  on  the  basis  of  car  load 
lots  was  $7  a ton,  at  which  figure  the  total  output  was  worth 
$455,000.  There  were  four  companies  in  the  field,  the  same  as 
in  the  previous  year.  The  International  Pulp  Co.  had  three  mines 
and  the  same  number  of  mills  in  steady  operation,  with  an  ad- 
ditional mill  running  part  of  the  time.  The  United  States  Talc 
Co.  and  the  Ontario  Talc  Co.  each  operated  one  mine  and  mill, 
while  the  Union  Talc  Co.  ran  two  mines  and  three  mills. 

On  the  basis  of  present  prices,  the  margin  of  profit  in  the  talc 
industry  is  by  no  means  excessive.  Owing  to  the  character  of  the 
material  and  the  nature  of  its  occurrence,  the  mining  cost  is  com- 
paratively high.  The  fact  that  in  most  deposits  there  is  a great 
deal  of  waste  in  the  form  of  foliated  and  gritty  talc  adds  materially 
to  the  cost  of  production.  Machine  drills  are  used  to  some  extent 
for  breaking  down  the  rock,  but  they  have  little,  if  any,  advantage 
as  regards  economy  over  hand  drilling.  With  the  former,  work 
must  be  frequently  suspended  to  clean  the  holes  as  the  drills  bind 
quickly  in  the  soft  but  tough  rock.  After  sorting  at  the  mines  the 
talc  is  transported  to  the  mills,  most  of  which  are  run  by  water 
power. 

Milling  is  a tedious  and  expensive  operation.  The  final  grinding 
is  done  in  a tube  mill  consisting  of  a horizontal  steel  cylinder  6 
feet  in  diameter  and  8 to  10  feet  long,  lined  with  enamelled  brick. 
Three  tons  or  more  of  flint  pebbles  are  used  in  the  cylinders,  and 
the  grinding  continues  for  four  or  five  hours.  The  rock  is  pre- 
viously prepared  for  the  cylinders  by  Blake  crushers  and  Griffin 
mills.  The  latter  have  superseded  buhr  stones,  which  were  formerly 
used  almost  exclusively. 

ZINC 

The  zinc-lead  mine  at  Ellenville,  Ulster  co.,  has  been  under 
development  during  the  past  year.  The  production  of  ore  was 
limited  to  that  obtained  during  the  course  of  exploratory  work  and 
no  commercial  shipments  were  made.  The  operations  have  been 
under  the  direction  of  the  Backus  Lumber  Co.  of  Newark  N.  J., 
who  took  over  the  property  in  1901. 
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The  Ellen ville  mine  was  first  opened  about  50  years  ago  since 
which  time  it  has  been  operated  intermittently  by  different  com- 
panies. It  is  a noted  locality  for  beautiful  quartz  crystals.  The 
deposit  consists  of  a fissure  vein  intersecting  the  Shawangunk  grit. 
The  wfidth  of  the  vein  averages  about  6 feet.  Quartz  is  the  princi- 
pal gangue  mineral,  while  the  ore  consists  of  sphalerite,  galena  and 
chalcopyrite  in  varying  proportions.  Silver  accompanies  the 
galena  to  the  extent  of  a few  ounces  a ton. 

The  w'orkings  comprise  an  inclined  shaft  that  has  been  carried 
down  to  about  200  feet  on  the  vein  and  a series  of  levels  30  feet  apart. 
A mill  for  treating  the  ore  has  been  erected  near  the  mine.  Before 
smelting  the  concentrates  must  be  subjected  to  a separation,  which 
the  company  plans  to  effect  by  magnetic  methods. 
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Adirondack  Mining  and  Milling  Co., 
9298. 

Adirondack  Pyrite  Co.,  946^. 

Akron,  cement,  914^;  gypsum,  931**. 
Akron  Cement  Works,  916k 
Albany,  clays,  918^. 

Albany  City  Pottery,  924k 
Albany  county,  building  brick,  921®, 
922^,  923^;  clays,  920®;  fire  brick 
and  stove  lining,  923®;  limestone, 
956\  956®,  957®,  958®;  molding 
sand,  928^;  pottery,  924®;  sand- 
stone, 963®,  965®;  terra  cotta,  fire- 
proofing and  building  tile,  923®. 
Albion,  sandstone,  962®,  966^. 
Alfred,  roofing  tile  manufacture, 
918®. 

Algonquin  Red  Slate  Co.,  939®,  950®. 
Allegany  county,  building  brick, 
921®;  clays,  920®;  draintile  and 
sewer  pipe,  923^;  natural  gas,  943®, 
944®;  petroleum,  944®;  roofing  tile 
manufacture,  918®;  terra  cotta, 
fireproofing  and  building  tile,  923®, 
Allegany  Pipe  Line  Co.,  945®. 

Allen  & Williams,  950®. 

Alsen’s  American  Portland  Cement 
Works,  916®. 

Alvord,  E.  B.,  Co.,  916k 
Amenia,  limonite,  933®. 

American  Bluestone  Co.,  967k 
Amity,  sandstone,  963®. 

Anorthosite,  953®. 

Arnold  Hill,  magnetite,  933’,  936k 
Arnold  Mining  Co.,  936®. 

Attica,  natural  gas,  943®. 

Auburn,  limestone,  956^. 

Aurora,  salt,  947®. 

Avon,  natural  gas,  944k 

Backus  Lumber  Co.,  969®. 

Baker,  Charles  I.,  951k 


Baldwinsville,  natural  gas,  944k 
Bangs  & Gaynor,  916^. 

Barton,  H.  H.,  & Son,  927®. 
Batavia,  salt,  947®. 

Beck  Slate  Co.,  951k 
Becraft  limestone,  956®. 

Bedford,  feldspar,  926®;  quartz,  926^. 
Beekmantown  limestone,  954®. 
Behan,  James,  estate,  932'^;  Cement 
Works,  916®. 

Bellevue  Porcelain  Works,  925®. 
Benkert,  John  B.,  925®. 

Bentley,  J.  L.,  928®. 

Betz,  Henry,  & Bros.,  924®. 
Birkinbine,  John,  cited,  933®. 

Black  river  limestone,  954®. 

Blue  Corundum  Co.,  926®. 
Bluestone,  963®;  value  of  production, 

951k 

Bonanza  Slate  Co.,  951k 
Borst,  Charles  A.,  937®,  939k 
Brick,  see  Building  brick;  Fire  brick; 

Front  brick;  Vitrified  paving  brick. 
Brick  clays,  918'*. 

Bridgeport  Wood  Finishing  Co.,  926®. 
Brocton  Gas  & Fuel  Co.,  944®. 
Brooklyn,  manufacture  of  pottery, 
918®. 

Broome  county,  building  brick,  921®; 
clays,  920®;  sandstone,  963®,  965®, 
966®. 

Brouwer,  T.  A.  jr,  925®. 

Bryn  Mawr,  granite,  952®. 

Buffalo,  cement,  914®;  clays,  918®; 

limestone,  956^. 

Buffalo  Cement  Co.,  916®. 

Buffalo  Pottery  Co.,  924®. 

Building  brick,  919k  value  of  pro- 
duction, 913^,  920®;  manufacture, 
919®,  921^-23^;  production  in  IQ04, 
92i®-2  2®;  production  in  Hudson 
river  region,  922®-23^. 
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Building  stone,  95 1^  958^;  quarrying, 
912®;  value  of  production,  956®, 
956®. 

Building  tile,  manufacture,  918®, 
923®;  value  of  production,  920®. 
Burden  carbonate  mines,  937®. 
Burlington  Marble  Co.,  959b  961®. 

Caledonia,  hematite,  937^;  natural 
gas,  944^. 

Canton,  pyrite,  945®. 

Carbonate  mines,  937’. 

Carbonic  acid  gas,  942®-43b 
Carney  Ore  Mining  Co.,  937®. 
Catskill,  clays,  918®;  limestone,  956®. 
Catskill  beds,  963k 
Catskill  Cement  Co.,  916®. 
Cattaraugus  county,  mineral  paint, 
939®;  natural  gas,  943b  944^;  pet- 
roleum, 944®,  945b 
Cayuga  Cement  Co.,  9^4®. 

Cayuga  county,  building  brick,  921®; 
clays,  920®;  draintile  and  sewer 
pipe,  923’;  gypsum,  931®,  932®; 
limestone,  957®;  salt,  947b 
Cayuga  Lake  Cement  Co.,  916®. 
Cayuga  Plaster  Co.,  932®. 

Cement,  912®,  9 13®-! 7b  value  of  pro- 
duction, 913®;  counties  producing, 
914®;  production  and  trade  in  IQ04, 
915®-!  7®;  list  of  producers,  916^. 
Central  New  York  Pottery  Co.,  925®. 
Champion  Natural  Carbonic  Acid 
Gas  Co.,  943b 

Champlain  Graphite  Co.,  930®. 
Chautauqua  coiinty,  building  brick, 
921®;  clays,  920®;  draintile  and 
sewer  pipe,  923®;  fire  brick  and 
stove  lining,  92,3® ; natural  gas,  943b 
944b  944®;  paving  brick,  923®. 
Chazy  limestone,  954b 
Chemung  beds,  963k 
Chemung  county,  building  brick, 
921®;  clays,  920®;  draintile  and 
sewer  pipe,  923®. 

Chenango  county,  bluestone,  965®; 

sandstone,  963®,  965®,  965®. 

Clarke,  F.  G.,  Bluestone  Co.,  967®. 

Clarkson  Marble  Co.,  961k 

Clay  materials,  production  of,  919^- 


21®;  production  by  counties,  920®- 
2 1 b value  of  production,  9 1 o®,  9 1 3*. 

Clayburg,  iron  ore,  936®. 

Clays,  912b  9i7®-2  5®;  color,  918^; 
cretaceous  918b  crude,  925®;  dis- 
tribution in  New  York,  917®; 
thickness,  918®. 

Clinton,  hematite,  933®,  937®;  mineral 
paint,  939®. 

Clinton  county,  building  brick,  921®; 
clays,  920®;  granite,  954®;  lime, 
958®;  limestone,  955b  957®;  mag- 
netite, 933®;  sandstone,  961®. 

Clinton  Metallic  Paint  Co.,  939®. 

Clinton  Point  Stone  Co.,  967®. 

Cobleskill  limestone,  955®. 

Coeymans  limestone,  956®. 

Columbia  county,  building  brick, 
921®,  922®,  923®;  cement,  914®; 

clays,  920®;  limestone,  956^;  limo- 
nite,  937®;  molding  sand,  928®; 
roofing  slate,  949®. 

Columbia  Graphite  Co.,  929®. 

Columbia  Pipe  Line  Co.,  945®. 

Connors,  William,  Paint  Manufactur- 
ing Co.,  940k 

Consolidated  Rosendale  Cement  Co., 
916®. 

Consolidated  Wheatland  Plaster  Co., 
932b 

Constantia,  glass  sand,  927®. 

' Cornwall,  clays,  918®. 

Cotter,  E.  J.,  966®. 

Croton,  clays,  918®. 

Crushed  stone,  958®;  value  of  produc- 
tion, 956®,  956®;  used  for  road 
material,  957®. 

Cummings  Cement  Co.,  916®*  917b 

Cusack  & Murray,  967k 

Davidson  Brothers,  960®. 

Delaware  county,  sandstone,  963®, 

965b  965®,  966®. 

Delmar,  molding  sand,  928^. 

Deposit  Stone  Co.,  966®. 

Dickinson,  Harold  T.,  cited,  963®. 

Dijcon,  Joseph,  Crucible  Co.,  929®. 

Draintile,  manufacture,  918®,  923®; 
value  of  production,  920®. 

Driscoll  Brothers  & Co.,  967®. 
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Dundee,  salt,  947®. 

Dunn  & Mead,  967^ 

Dunwoodie,  granite,  9 5 2®. 

Dutchess  county,  building  brick, 
921®,  922®,  923^;  clays,  920®;  lime- 
stone, 957®;  limonite,  933®,  937’; 
molding  sand,  928®;  roofing  slate, 
949®- 

Dutchess  Junction,  clays,  918®. 

Eagle  Bridge,  mineral  paint,  939®. 

Eagle  Harbor,  sandstone,  966®. 

Earthenware,  918®. 

East  Williston,  brick  clays,  918^. 

Eden  Valley,  salt,  947®. 

Electrical  supplies,  918®. 

Elko  Paint  Co.,  940b 

Ellenville,  zinc,  969®, 

Emery,92  5®-2  6®;  value  of  production, 

913"- 

Empire  China  Works,  924®. 

Empire  Gas  & Fuel  Co.,  944’. 

Empire  Portland  Cement  Co.,  914^, 
916®. 

Empire  State  Salt  Co,,  947^. 

Erie  county,  building  brick,  921®; 
cement,  914®,  914®;  clays,  920®; 
draintile  and  sewer  pipe,  923^;  fire 
brick  and  stove  lining,  923®;  gyp- 
sum, 931®;  limestone,  957®,  957®, 
958®,  958®;  natural  gas,  943®,  943®, 
944^,  944^;  pottery,  924^;  salt,  947®; 
terra  cotta,  fireproofing  and  build- 
ing tile,  923®. 

Esopus  millstones,  938^. 

Essex  county,  granite,  953®;  magnet- 
ite, 933b 

Extra  Dark  Marble  Co.,  959®. 

Farmingdale,  brick  clays,  918^. 

Fayetteville,  gypsum,  931^. 

Feldspar,  926®;  value  of  production, 

913^ 

Finch,  Pruyn  & Co.,  959®,  961®. 

Fire  brick,  manufacture,  918®,  919b 
923®;  value  of  production,  920®. 

Fire  sand,  928^. 

Fireproofing,  manufacture,  919®,  923®; 
value  of  production,  920®. 

Fishkill,  clays,  918®. 


Flagstone,  value  of  production,  956®, 

957b 

Fordham  gneiss,  952®. 

Fort  Montgomery,  iron  ore,  933®. 

Franklin  county,  granite,  953®;  sand- 
stone, 961®. 

Franklin  Iron  Manufacturing  Co., 

937b 

Front  brick,  value  of  production, 
920®;  manufacture,  921^. 

Fulton,  natural  gas,  944®. 

Fulton  county,  clays,  920®;  granite, 
953b  954^;  limestone,  954®,  955b 
957®;  sandstone,  961b 

Furnace  flux,  value  of  production, 
956®,  956b 

Furnaceville,  hematite,  933®,  937®- 

Furnaceville  Iron  Co.,  937®. 

Garbutt  Gypsum  Co.,  932®. 

Garden  City,  brick  clays,  918^. 

Garnet,  92  6®-2  7®;  value  of  produc- 
tion, 913^. 

Garrisons,  granite,  952b 

Genesee  county,  draintile  and  sewer 
pipe,  923®;  gypsum,  931b  932®; 
limestone,  957“*,  957b  95 S®;  natural 
gas,  944^;  salt,  947®,  949^;  terra 
cotta,  fireproofing  and  building 
tile,  923®. 

Genesee  Natural  Gas  Co.,  944®. 

Genesee  Valley  Bluestone  Co.,  967®, 

Geysers  Natural  Carbonic  Acid  Gas 
Co.,  943b 

Glass  sand,  92  7®-2  8®;  value  of  pro- 
duction, 913®. 

Glen  Salt  Co.,  947^. 

Glens  Falls,  cement,  914®;  limestone, 
955“;  marble,  959®. 

Glens  Falls  Co.,  961®. 

Glens  Falls  Portland  Cement  Co., 
916®. 

Gorham,  natural  gas,  944b 

Gouverneur,  iron  ore,  933®;  marble, 
959b  960®;  pyrite,  945®;  talc,  969®. 

Gouverneur  Marble  Co.,  959  , 960*. 

Gowanda,  salt,  947®. 

Graham,  Charles,  Chemical  Pottery 
Works,  925b 

Granite  (town),  millstones,  938®. 
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Granite,  952^-54^;  value  of  produc- 
tion, 9138,  95I^  952^ 

Granville,  roofing  slate,  949®. 

Granville  Slate  Co.,  950®. 

Graphite,  9288-308;  value  of  produc- 
tion, 9138. 

Green  Ridge,  brick  manufacture, 
918®. 

Greene  county,  building  brick,  921®, 
9228,9238;  cement, 9 1 4®;  clays, 9 208; 
limestone,  956\  9568;  sandstone, 
9638,  9658. 

Greenpoint  Pottery,  925b 

Greenport,  brick  clays,  9188. 

Guelph  dolomite,  9558. 

Gypsum,  9308-328;  value  of  produc- 
tion, 9138. 

Hague,  graphite,  929®. 

Half  Way,  gypsum,  931^. 

Hamilton  beds,  963b 

Hampden  Corundum  Wheel  Co., 
9268. 

Hampton,  roofing  slate,  949®. 

Hartsdale,  granite,  952®. 

Hastings,  granite,  952®. 

Haverstraw,  clays,  9188;  trap,  967®. 

Hebron,  roofing  slate,  949®. 

Helderberg  Portland  Cement  Co., 

916®,  916®,  9178. 

Helderbergian  group,  956b 

Hematite,  933®,  937®. 

Herkimer  county,  granite,  953’;  lime- 
stone, 954®,  955b  957^;  magnetite, 
933’.  937'. 

High  Falls  Pyrite  Co.,  946^. 

Hilfinger  Bros.,  925®. 

Holley,  sandstone,  9668. 

Home-  Gas  Co.,  944*. 

Hoosick,  roofing  slate,  949®. 

Howes  Cave,  cement,  914®. 

Hudson,  clays,  918®;  limestone,  956®. 

Hudson  Iron  Co.,  933®,  937®- 

Hudson  Portland  Cement  Co.,  916®. 

Hudson  River  Bluestone  Co.,  966®. 

Hudson  River  Ore  and  Iron  Co.,  937®. 

Hudson  river  sandstone,  962b 

Hudson  valley,  clays,  917®;  building 
brick,  9228-23^. 

Hulberton,  sandstone,  962®,  966®. 
Hurd,  A J.,  940®. 


Hutchings,  B.  R.,  mentioned,  946®. 

Hydraulic  cement,  see  Cement. 

International  Acheson  Graphite  Co., 
930®. 

International  Pulp  Co.,  969®. 

International  Salt  Co.,  949®. 

Iron  ore,  9328-38®;  production,  911®, 
934b  value  of  production,  913®; 
developments  at  Mineville,  934®- 
36b 

Iroquois  Portland  Cement  Co.,  916®. 

Iroquois  Salt  Co.,  947®. 

Ithaca,  salt,  947®,  949b  sandstone, 
963®. 

Jamesville  Milling  Co.,  917®. 

Jefferson  county,  building  brick, 
921®;  clays,  920®;  granite,  953^, 
953®.  954®;  lime,  958®;  limestone, 
955'*,  957^  958®;  sandstone,  961®, 
962®. 

Jones,  F.  W.  & Co.,  959®,  961®. 

Kaolin,  no  deposits  of  economic  value 
in  New  York,  917®. 

Kazenstein,  George  W.,  966b 

Keeseville,  granite,  953®- 

Kerhonkson,  millstones,  938®. 

Kings  county,  clays,  920®;  draintile 
and  sewer  pipe,  923'^;  fire  brick 
and  stove  lining,  923®;  pottery, 
924®;  terra  cotta,  fireproofing  and 
building  tile,  923®. 

Kings  Ferry,  sandstone,  963®. 

Kingston,  clays,  918®;  limestone, 
956b 

Kinkel,  P.  H.  & Son,  926®. 

Kirkpatrick  Bros.,  966b 

Kreischerville,  brick  manufacture 
918®. 

Kurth,  Charles,  924®. 

Kyserike,  millstones,  938®. 

Lake  Mohegan,  granite,  953b 

Lancaster,  J.  R.,  926®. 

Lansing,  H.,  932b 

Leroy,  limestone,  956^1  salt,  947®. 

Lewis,  F.  H.,  cited,  914®. 

Lewis  county,  granite,  953^1  lime- 
stone, 955^;  sandstone,  962®. 

Leyotte,  Peter,  959®,  961b 


INDEX  TO  THE  MINING  AND  QUARRY  INDUSTRY 


975 


l^ima,  natural  gas,  944^ 

Lime,  958^;  value  of  production,  956®, 
956®. 

Limestone  (town),  petroleum,  945®. 
Limestone,  954^-58®;  value  of  pro- 
duction, 913'^,  951®,  952^;  produc- 
tion in  IQ04,  956^. 

Limonite,  933^  93 7^. 

Lincoln  Spring  Co.,  943^ 

Little  Falls,  granite,  953^. 
Livingston  county,  cement,  914®; 
natural  gas,  943®,  944^;  salt,  947®, 
949^. 

Livonia,  salt,  948®. 

Locke  Insulator  Mfg.  Co.,  925®. 
Lockport  dolomite,  955®. 

Long  Clove  Trap  Rock  Co.,  967®. 
Long  Island,  clays,  918^. 

Lower  Pentamerus  limestone,  956®. 
Lowerre,  granite,  9 5 2®. 

Lowville  limestone,  954®. 
Ludlowville,  salt,  947®. 

Lycoming  Calcining  Co.,  932®. 

Lyon  Mountain,  iron  ore,  936®;  mag- 
netite, 933k 

McCarthy,  Spencer,  932k 
McCormick  Red  Slate  Co.,  951k 
Maden,  P.  J.,  966k 
Madison  county,  building  brick,  921®; 
clays,  920®;  draintile  and  sewer 
pipe,  9237;  gypsum,  931k  932®; 
limestone,  9 5 5®,  9 5 7® ; pottery,  9 2 4®. 
Magnetite,  933®,  934^-37®. 

Manhattan  Trap  Rock  Co.,  967®. 
Manlius  Centre,  gypsum,  931^. 
Manlius  limestone,  955®. 

Marble,  959^-61®;  value  of  produc- 
tion, 913k  951k  952®. 

Marcellus,  gypsum,  931^. 

Marsden,  F.  L.  & Co.,  928®. 

Mason,  J.  jr,  932®. 

Mathews  Consolidated  Slate  Co., 
950®. 

Maxwell,  John,  Sons,  966®. 

Mayfield,  granite,  953k 
Medina,  sandstone,  962®,  966®. 
Medina  Quarry  Co.,  966k 
Medina  sandstone,  962k 
Merrill,  F.  J.  H.  cited,  928®. 


Metallic  paint,  value  of  production, 

913'- 

Millen,  Thomas,  Co.,  916®. 

Miller,  F.  A.,  932®. 

Millstones,  938®~39®;  value  of  pro- 
duction, 913®. 

Mineral  paint,  939®-4o®. 

Mineral  waters,  912®-! 3®,  94o®-42®; 
value  of  production,  913®. 

Minerals,  New  York’s  rank,  910^; 
mineral  production  of  New  York 
for  IQ04,  911®,  913®. 

Mineville,  magnetite,  933®;  develop- 
ments at,  934®~36k 

Minor,  J.  C.  jr,  mentioned,  942®. 

Molding  sand,  927®-28®. 

Monroe  county,  building  brick,  922®; 
clays,  920®;  draintile  and  sewer 
pipe,  923^;  fire  brick  and  stove 
lining,  923®;  gypsum,  931®,  932®; 
limestone,  955®,  957®;  pottery, 

924®;  terra  cotta,  fireproofing  and 
building  tile,  923®. 

Montauk  Slate  Co.,  950®. 

Montezuma,  cement,  914®. 

Montgomery  county,  limestone,  954®, 
955k  957®. 

Mount  Vernon,  granite,  953k 

Myers,  salt,  949®. 

Naples,  salt,  947®. 

Nassau  county,  building  brick,  922®; 
clays,  920®;  pottery,  924®. 

National  Pyrite  Co.,  946®. 

National  Salt  Co.,  947®,  947^,  947k 
948®,  949®. 

National  Wall  Plaster  Co.  of  America, 
932®. 

Natural  Carbonic  Gas  Co.,  943k 

Natural  cement  rock,  geologic  hori- 
zon, 914®;  thickness,  914®. 

Natural  gas,  943®-44^;  value  of  pro- 
duction, 912'^,  913®. 

Natural  rock  cement,  value  of  pro- 
duction, 913®;  first  plant  erected  at 
Rosendale,  913®;  production  and 
trade  in  IQ04,  915^;  list  of  pro- 
ducers, 916®. 

Nevins,  James,  Sons,  966®. 

New  Hamburg,  roofing  slate,  949®. 
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New  Lebanon,  roofing  slate,  949®. 

New  Rochelle,  granite,  9 5 3b 

New  Windsor,  clays,  918®, 

New  York  Carbonic  Acid  Gas  Co., 
943'- 

New  York  Cement  Co.,  916®. 

New  York  county,  terra  cotta,  fire- 
proofing and  building  tile,  923®. 

Newark  Lime  and  Cement  Manu- 
facturing Co.,  916®. 

Newman,  H.  L.  & W.  C.,  Co.,  916®. 

Niagara  county,  building  brick,  92 2^; 
clays,  920®;  limestone,  957^;  natural 
gas,  944“. 

Niagara  Falls,  limestone,  955'^. 

North  Creek  Garnet  Co.,  927^. 

North  River  Garnet  Co.,  927®. 

Northern  Crushed  Stone  Co.,  960^. 

Northern  Iron  Co.,  935®. 

Northern  New  York  Marble  Co., 
959®,  960k 

Northville,  granite,  953k 

Norwich,  sandstone,  963®. 

Nyack,  trap,  967®. 

Oakfield,  gypsum,  931k 

Oakfield  Plaster  Manufacturing  Co., 
932®. 

Oatka  Mining  Co.,  947k 

O’Brien,  John  W.,  950®. 

O’Connell  Lime  & Marble  Dust  Co., 
959®,  961^- 

O’Hara,  Peter.  067k 

Oneida  county,  building  brick,  922®; 
clays,  920®;  fire  brick  and  stove 
lining,  923®;  glass  sand,  927®; 
hematite,  933®,  937®;  limestone, 
955k  957k  mineral  paint,  939®; 
pottery,  924®;  sandstones,  962®. 

Oneida  Lake  Sand  Mine,  928®. 

Onondaga  Coarse  Salt  Association, 
949®. 

Onondaga  county,  building  brick, 
922®;  cement,  914®;  clays  920®; 
draintile  and  sewer  pipe,  923’; 
gypsum,  931^,  932®;  lime,  958®; 
limestone,  955®,  955®,  956k  957®, 
958®,  958®;  natural  gas,  944k  944^; 
paving  brick,  923®;  pottery,  924^; 
quarrying  industry,  957®:  salt. 


946®,  948®;  terra  cotta,  fireproofing 
and  building  tile,  923®. 

Onondaga  limestone,  956®. 

Onondaga  Pottery  Co.,  925k 

Ontario,  mineral  paint,  939®. 

Ontario  county,  building  brick,  922®; 
clays,  921®;  draintile  and  sewer 
pipe,  923'^;  gypsum,  931®;  natural 
gas,  944k  944^;  pottery,  924®; 

salt,  947®. 

Ontario  Talc  Co.,  969^. 

Orange  county,  building  brick,  922® 
922®,  923^;  clays,  921®;  granite, 
953k  953®,  954k  iron  ore,  933®; 
limestone,  956®. 

Orleans  county,  bluestone,  965®; 
limestone,  955®;  sandstone,  965®, 

965k 

Orleans  county  Quarry  Co.,  966®. 

Osborn,  W.  H.  & Co.,  932®. 

Oswego  county,  glass  sand,  928k 
natural  gas,  944®,  944^;  sandstone, 
962®. 

Oxford,  sandstone,  963®. 

Pass  and  Seymour  Inc.,  925^. 

Paving  brick,  918®;  manufactuie 
919®,  923®. 

Peak,  Cyrus,  966®. 

Peekskill,  clays,  918®;  granite,  952®. 

Perry,  salt,  947®. 

Petroleum,  944®-45®;  value,  912’, 

913®- 

Phoenix,  natural  gas,  944k 

Pine  Island,  granite,  953^. 

Plattsburg,  marble,  959®. 

Pope  Mills,  graphite,  930^. 

Porcelain,  918®. 

Port  Henry  Iron  Ore  Co.,  934®. 

Port  Jefferson,  brick  clays,  918^. 

Port  Leyden,  granite,  953®. 

Port  Richmond,  trap,  967®. 

Portage  formation,  963k 

Portageville,  sandstone,  963®. 

Portland  cement,  value  of  produc- 
tion, 913®;  manufacture,  914®! 
localities  identified  with  industry, 
914®;  materials  used,  914’^;  produc- 
tion and  trade  in  1904,  915®;  list  of 

producers,  916^. 


INDEX  TO  THE  MINING  AND  QUARRY  INDUSTRY 


977 


Potsdam  sandstone,  96i®-62^ 

Potter-Brown  Cement  Works,  916®. 

Pottery,  value  of  production,  913^, 
920®;  manufacture,  918®,  918®, 

9239-25®. 

Poughkeepsie,  clays,  918®. 

Pulaski,  natural  gas,  944®. 

Putnam  county,  granite,  952^. 

Pyrite,  945^-46®;  value  of  produc- 
ion,  913®. 

Quarrying  of  building  stone,  912®. 

Quartz,  926®;  value  of  production, 

913^- 

Queens  county,  terra  cotta,  fire- 
proofing and  building  tile,  923®. 

Quinn,  H.  M.,  926®. 

Quinroy  Contracting  Co.,  967®. 

Randall  Bros.,  96  ®. 

Randolph,  mineral  paint,  939®. 

Reagan,  Edward,  925^. 

Redford,  iron  ore,  936®. 

Remington  Salt  Co.,  947®. 

Rensselaer  county,  building  brick, 
922®,  922®,  923^;  clays,  921®;  fire 
brick  and  stove  lining,  923®; 
mineral  paint,  939®;  paving  brick 
923®;  roofing  slate,  949®;  terra 
cotta,  fireproofing  and  building 
tile,  923®. 

Retsof,  salt,  948®;  rock  salt  mine, 

949®. 

Retsof  Mining  Co.,  947^. 

Rhodes,  John,  966®. 

Richmond  county,  building  brick, 
922®;  clays,  921®;  fire  brick  and 
stove  lining,  923®;  terra  cotta, 
fireproofing  and  building  tile,  923®. 

Richville,  pyrite,  946®. 

Ries,  Heinrich,  cited,  917®. 

Riprap,  value  of  production,  956®, 
956®. 

Rochester,  clays,  918®;  limestone, 
955^ 

Rock  Glen,  salt,  947®;  sandstone, 
963®. 

Rock  salt,  948®. 

Rockland  county,  building  brick, 
922*,  922®,  923^;  clays,  920^,  921®; 


granite,  953\  953*.  954^;  limestone, 
957S  957®,  958®. 

Rockland  Lake,  trap,  967®. 

Rockland  Lake  Trap  Rock  Co.,  967®. 
Rome,  glass  sand,  927®. 

Rondout,  limestone,  956®. 

Rondout  limestone,  955®. 

Roofing  slate,  949®;  value  of  produc- 
tion, 913®. 

Roofing  tile,  manufacture,  918®,  919b 
Rosendale,  cement,  913®. 

Roseton,  clays,  918®. 

Rossie  Iron  Ore  Co.,  937^- 
Rossie  Iron  Ore  Paint  Co.,  940*- 
Round  Island,  granite,  953b 
Rubble,  value  of  production,  956®, 
956®. 

Ruff,  Andrew,  940®. 

Ruff  ell,  Samuel,  940®. 

Rushville,  natural  gas,  944b 
Rylstone  Marble  Co.,  959®>  960 

St  Josen,  millstones,  938®. 

St  Lawrence  county,  building  brick, 
922^;  graphite,  930®;  hematite, 
933^  937^;  iron  ore,  933®;  limestone, 
957^;  pyrite,  945®;  sandstone,  961®, 
965®;  talc,  968^. 

St  Lawrence  Marble  Quarries,  959® 
960®. 

St  Regis  Falls,  granite,  953®. 

Salem,  roofing  slate,  950^- 
Salisbury,  magnetite,  933^  9 3 7b 
Salt,  946®-49^;  manufacture,  912®; 
value  of  production,  913®;  pro- 
duction in  igo4,  948®. 

Sandstone,  96i®-67^;  value  of  pro- 
duction, 913’,  951®,  952^;  produc- 
tion and  trade  in  igo4,  964*,  965b 
Sandy  Creek,  natural  gas,  944^- 
Saratoga  county,  building  brick, 
922^;  clays,  921®;  draintile  and 
sewer  pipe,  923’;  limestone,  957*5 
paving  brick,  923®;  sandstone,  961’. 
Saugerties,  clays,  918®. 

Scarsdale,  granite,  952®. 

Schenectady  county,  pottery,  924®. 
Schmidt,  John,  925®. 

Schoharie  county,  cement,  915^; 
limestone,  955®,  957®,  958®. 
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Schuyler  county,  salt,  947^,  949b 
Scio,  sandstone,  963®. 

Selkirk,  molding  sand,  928^. 

Seneca  county,  building  brick,  922^; 
clays,  921®;  draintile  and  sewer 
pipe,  923’;  natural  gas,  944^;  salt, 

947®. 

Seneca  Falls,  limestone,  956^;  salt, 

947®. 

Severance,  F.  M.,  932b 
Sewer  pipe,  manufacture,  918®,  919^, 
923’;  value  of  production,  920®. 
Sheedy,  Thomas  W.,  916®,  932®. 
Shushan,  roofing  slate,  950^. 

Sienna,  939®. 

Silver  Creek,  natural  gas,  944®. 
Silver  Leaf  Graphite  Co.,  930®. 
Slate,  949^-51®;  value  of  production, 
913®.^ 

Slate  pigment,  value  of  production, 

913®- 

Smith  & Yeager,  966®. 

Solvay  Process  Co.,  946®,  957®,  958^. 
South  Bethlehem,  limestone,  956®. 
South  Dover,  marble,  959^. 

South  Dover  Marble  Co.,  9S9®,  961®. 
South  Rondout,  cement,  914^. 

South  Shore  Gas  Co.,  944®. 

Southold,  brick  clays,  918®. 

Spencer  & McCarthy,  916®,  917®. 

Split  Rock,  limestone,  956^. 
Spragueville,  hematite,  933®,  937®. 
Springville,  salt,  947®. 

Springville  Gas  Co.,  944k 
Standard  Bluestone  Co.,  966®. 

Staten  Island,  clays,  918®;  trap,  967®. 
Steuben  county,  building  brick,  922^; 
cement,  915^;  clays,  92 draintile 
and  sewer  pipe,  923’;  fire  brick 
and  stove  lining,  923^;  paving 
brick,  923®;  terra  cotta,  fireproof- 
ing and  building  tile,  923®. 

Stevens,  E.  E.,  960®. 

Stone,  951®. 

Stony  Point,  clays,  918®. 

Stove  lining,  manufacture,  919s  923®; 

value  of  production,  920®. 

Suffolk  county,  building  brick,  922^; 
clays,  921®;  pottery,  924®. 


Sullivan  county,  sandstone,  9639, 
965®,  965®,  966®. 

Sutton  & Connor,  966®. 

Syracuse,  potteries,  918®. 

Syracuse  Pottery  Co.,  925^. 

Talc,  968^-69®;  value  of  production, 

913'- 

Tanite  Co.,  926®. 

Tarrytown,  granite,  953k 
Terra  cotta,  918®;  manufacture,  919®, 
923®;  value  of  production,  920®. 
Ticonderoga,  feldspar,  926®. 
Ticonderoga  Graphite  Co.,  929®. 
Tide-Water  Pipe  Co.  Limited,  945®. 
Tompkins  county,  building  brick, 
922^;  cement,  915^;  clays,  921®; 
draintile  and  sewer  pipe,  923®;  pav- 
ing brick,  923®;  salt,  947®,  949k 
Totten ville,  terra  cotta  manufacture, 
918®. 

Trap,  967®-68^;  value  of  production, 

913’,  951k  952®. 

Travis  & Kingsbury,  966®. 

Trenton  limestone,  954®. 

Troy,  fire  brick  and  stove  lining 
manufacture,  919k 
Trumansburg,  sandstone,  963®. 
Tuckahoe,  marble,  959^. 

Ulster  and  Delaware  Bluestone  Co., 
966®. 

Ulster  county,  building  brick,  922^, 
922®,  923^;  cement,  913®,  915k 
clays,  921®;  limestone,  955®,  956*, 
956®,  957k  957®;  millstones,  938®; 
sandstone,  963®,  965®,  965®;  zinc, 
969®. 

Umbach,  Gottlieb,  925®. 

Union  Pipe  Line  Co.,  945®. 

Union  Porcelain  Works,  925®. 

Union  Springs,  gypsum,  931®. 

Union  Talc  Co.,  969*. 

Uniontown,  granite,  952®. 

United  States  Gypsum  Co.,  932®. 
United  States  Talc  Co.,  969k 
Upper  Pentamerus  limestone,  956®. 

Vacuum  Oil  Co.,  945®. 

Valentine,  William,  jr,  932®. 
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Verona,  glass  sand,  927®. 

Verplanck,  clays,  918®. 

Vienna,  glass  sand,  927®. 

Vincent,  salt,  947®. 

Vitrified  paving  brick,  value  of  pro- 
duction, 920^. 

Wallkill  Portland  Cement  Co.,  914^. 

Warner,  cement,  914"*;  natural  gas, 
944^ 

Warren  county,  building  brick,  922®; 
cement,  915^;  graphite,  928®;  lime, 
958®;  limestone,  954®,  957®. 

Warsaw,  salt,  947®,  949’. 

Warsaw  Bluestone  Co.,  967®. 

Washington  county,  building  brick, 
922®;  clays,  921®;  graphite,  928®; 
lime,  958®;  limestone,  955^,  957®; 
pottery,  924®;  roofing  slate,  949®. 

Waterloo,  limestone,  956^. 

Watertown  Marble  Co.,  960^  960®. 

Watkins,  salt,  947^,  949^. 

Watkins  Salt  Co.,  947b 

Waverly  Marble  Co.,  960^  961®. 

Wayland,  cement,  914®. 

Wayland  Portland  Cement  Co.,  916®. 

Wayne  county,  hematite,  933®,  937®; 
limestone,  955’;  mineral  paint, 
939®- 

Welsh  Red  Slate  Co.,  951®. 


Westchester  county,  building  brick, 
922®,  922®,  923^;  clays,  921®;  feld- 
spar, 926®;  fire  brick  and  stove 
lining,  923^;  granite,  952®,  953^, 
953®,  954^;  lime,  958®;  limestone, 
957S  957®,  958®. 

Westfield,  natural  gas,  944®. 

Wheatland,  gypsum,  931®. 

White  Crystal  Marble  Co.,  960®. 

White  Plains,  granite,  953b 

Whitehall,  roofing  slate,  949®;  sienna, 
939®- 

Whites  Pottery  Inc.,  925®. 

Whitney,  D.  J.,  Marble  Co.,  960®, 
960®. 

Witherbee,  Sherman  & Co.,  933'*, 
934®,  934b 

Woods,  Theodore,  967®. 

Worcester  Salt  Co.,  947b 

Wyoming,  salt,  947®. 

Wyoming  county,  bluestone,  965®; 
natural  gas,  943®,  944^;  salt,  947®, 
947®,  949^;  sandstone,  963®,  965®, 

. 965®- 

Yates  county,  natural  gas,  944s  944^; 
salt,  947®. 

Yonkers  gneiss,  952®. 

Zimmerman,  George,  925^. 

Zinc,  969®~7o®. 
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